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(37) ABSTRACT

New chemiluminescent compounds, stable 1n aqueous bui-
fers, for use 1 biological assaying include acridane-based
compounds and 1,2-dioxetanes. Among the new acridane-
based compounds are water-soluble acridanes, enhancer
coupled acridanes, bis and tris-acridanes as well as acridane-
1,2-dioxetanes. Among the new 1,2-dioxetanes are electron
deficient group-containing dioxetanes and tethered bis-1,2-
dioxetanes. The 1.2-dioxetanes are useful as substrates for
various enzymes. The acridanes can be admixed with an
oxidizing agent, an aqueous builer and, optionally, a stabi-
lizer to form a substrate or reagent formulation useful for
assaying, inter alia, HRP.
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ULTRA-SENSITIVE CHEMILUMINESCENT
SUBSTRATES FOR ENZYMES AND THEIR
CONJUGATES

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a divisional application of co-pending,
U.S. application Ser. No. 11/578,601, which was the
National Stage of International Application No. PCT/US05/
12680, filed Apr. 14, 2005, which claims the benefit of U.S.
Provisional Application No. 60/562,886, filed Apr. 14, 2004,
the entire disclosure of which, mncluding all drawings, 1s
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a new series of chemilumines-
cent compounds and their use 1n the detection of different
enzymes such as horseradish peroxidase, alkaline phos-
phatase, [3-galactosidase, p-glucosidase, [-glucuronidase,
esterase, sulfatase and the like. The present invention also
relates to the synthesis of the new chemiluminescent organic
compounds and their use 1n the detection of different
enzymes or their conjugates in aqueous builers. The present
invention further relates to the use of these new chemilu-
minescent organic compounds for the detection and quan-
tifying of various biological molecules through chemilumi-
nescence as well as detecting DNA or RNA fragments in
DNA or RNA sequencing applications and methods of use
therefore.

2. Description of Related Arts

Enzyme conjugates are used in enzyme-linked immu-
nosorbent assays, blotting techniques, 1n-situ hybridization,
cytometric and histometric assays. Most frequently horse-
radish peroxidase, alkaline phosphatase, p-galactosidase,
B-glucosidase, P-glucuronidase, arvlesterase and sulfatase
enzymes are used because of therr high turnover rate,
stability, and ease of conjugation and relatively low cost. In
U.S. Pat. Nos. 6,451,876, 6,602,679 and 1n pending U.S.
Patent Application Ser. Nos. 60/306,041, 60/178,626 and
60/212,883, the disclosures of which are incorporated by
reference, there 1s provided a detailed history of the evolu-
tion of chemiluminescence compounds and their uses, which
for the sake of brevity need not be totally repeated herein.

Peroxidase enzyme 1s widely distributed in higher plants
and 1n especially high concentrations 1n fig sap and horse-
radish. It 1s also found in some animal tissues and in
microorganisms. Because of its wide availability, horserad-
ish peroxidase (HRP) 1s widely used 1n labeling haptens,
antibodies, protein A/G, avidin, streptavidin labels and DNA
for enzyme immunoassays, immunocytochemistry, immu-
noblot and DNA detection. Horseradish peroxidase has a
molecular weight of 40200 and contains one ferriprotopor-
phyrin III (protohemin). In protohemin, four of the six
coordination bonds of 1ron interact with the pyrrole ring
nitrogens. The other two coordination bonds are occupied by
water molecules or hydroxyl amions, depending on the pH.
In peroxidase, one of the two remaining coordination bonds
1s coordinated to a carboxyl group of the protein while the
other 1s coordinated to an amino group or to a water
molecule. The structure of ferriprotoporphyrin can be shown
as:
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(1)

HOOCCH,C
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> CHj

Peroxidase-based chemiluminescent assays, while dem-
onstrating 1mproved detection sensitivity, sufler from the
lack of reproducibility such that the obtained data 1s not
always reliable.

Acridanes have been used as substrates tor horseradish
peroxidase such as described 1 U.S. Pat. Nos. 5,523,212;

5,670,644, 5,593,845, 5,723,295 and 35,750,698. These

reagents, as a two component system can be stored at lower
temperature, but after mixing are not stable. However,
stabilized formulations of acridanes use for an extended
period of time have been reported in U.S. Pat. No. 6,602,
679.

Dioxetanes and, especially, 1,2-dioxetanes are eminently
useiul to detect the presence, as well as the absence, of
certain enzymes 1n fluids such as blood and the like because
of their chemiluminescence. Thus, 1,2-dioxetanes are emi-
nently useful i doing medical assays.

Enzymatic triggerable 1,2-dioxetanes such as those

described by A. P. Schaap, R. S. Handley and B. P. Gin.
letrahedron Lett., 935 (1987); A. P. Schaap, T. S. Chen, R.
S. Handley, R. DeSilva, and B. P. Gin, Tetrahedron Lett.,
1159 (1987) as well as 1n U.S. Pat. No. 35,707,550 are
superior in immunoassays and other related applications
compared to peroxidase substrates such as luminol and
others. Stabilized 1,2-dioxetane substrates provide high sig-
nal, low background, wide dynamic range, rapid results and
excellent reproducibility. These 1,2-dioxetanes provide sub-
strates which are highly sensitive and can detect an enzyme
concentration up to 107>'M (6x10° molecules of alkaline
phosphatase) in solution as well as on a membrane. The

comparative detection limit of alkaline phosphatase using
fluorescence, time-resolved fluorescence and colorimetric
techniques is 107" M (6x10”* molecules), 3x10™"" M (1.8x
10° molecules) and 5x10™'" M (3x10°, molecules), respec-
tively.

Other useful 1,2-dioxetanes are those disclosed 1n the
U.S. Pat. No. 6,461,876, the disclosure of which is hereby
incorporated by reference.

Alkaline phosphatases (orthophosphoric monoester phos-
phohydrolase, alkaline optimum) are found primarily in
amimal tissues and microorganisms. Alkaline phosphatases
used 1n Enzyme Immuno Assays (EIA) are 1solated from
bovine intestinal mucosa or from E. coli. These enzymes
have considerable diflerences 1n their properties and, ordi-
narily, can not be assayed under identical conditions. The
bacterial enzyme has lower activity than the bovine intesti-
nal enzyme.

Alkaline phosphatases hydrolyze numerous esters, such
as those of primary and secondary alcohols, phenols and
amines. A major reason for the popularity of alkaline phos-
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phatase for EIA 1s its absence from higher plants. The
enzyme 1s abundant 1n animals and human tissues mvolved
in nutrient transport and in developing tissues and secretory
organs, but 1t 1s not found in significant amounts 1n muscle,
connective tissue or cartilage. Some pathological conditions
increase alkaline phosphatase activities 1 sera. Reporter
gene assays are also mvaluable 1n the study of gene regu-
latory elements.

Reporter genes are those that encode proteins that can be
unambiguously assayed once they are incorporated within a
living cell. When reporter genes are fused with other genes
or with genomic regulatory elements, the resulting DNA
constructs can be introduced 1nto the cell of interest, and the
reporter gene product (an enzyme) can than be assayed. This
technique can be used to 1dentify DNA sequences or regu-
latory proteins that are required for proper gene expression.

3-D-Galactosidase galactohydrolase or [3-galactosidase
enzyme has been detected in numerous microorganisms,
ammals and plants. In some £. coli strains about 5% of the
total protein content 1s 3-galactosidase 11 lactose 1s the sole
source ol carbon. Its large molecular size makes 1t less
suitable for Enzyme Immuno Histology (EIH) but 1s one of
the most commonly used enzymes for reporter gene assays.
The gene that encodes [3-galactosidase (lac Z) 1s a commonly
used reporter gene 1 molecular biology.

B3-Glucosidase enzyme 1s present in nearly all species. It
1s reported that people with Gaucher’s disease have B-glu-
cosidase gene mutations, which results 1 abnormal lyso-
somal storage.

3-Glucuronidase enzyme 1s present 1n plant and mamma-
lian cells. The E. coli GUS gene, which encodes p-glu-
curonidase, 1s a major marker for detecting transformed
plant cells. p-Glucuronidase 1s a widely used reporter gene
in plant genetic research.

Aryl esterase enzyme catalyzes the hydrolysis of lower
fatty acid esters such as methyl butyrate. Aryl esterase is
used to catalyze the cleavage of an acetate-substituted
1,2-dioxetanes at ambient temperature 1n 0.1M phosphate
builer.

Aryl sulfatase 1s used to catalyze the cleavage of a
sulfate-substituted 1,2-dioxetanes at ambient temperature 1n
0.1M tris bufler and 0.5M acetate buliler.

However, there still exists a need for new, better and more
suitable enzyme substrates. As describe below, the present
invention address 1s this.

SUMMARY OF THE INVENTION

The present imvention provides new, highly sensitive
chemiluminescent organic compounds which are useful to
produce light 1n anaqueous buliler.

The present invention provides chemiluminescent sub-
strates for different enzymes and their conjugates used in the
detection of antibodies or antigen 1n biological fluids and for
compounds, particularly toxins and contaminants, in the
environment and food.

In a full aspect hereot, the present invention provides a
new series ol acridanes for use 1 chemiluminescent detec-
tion. The new acridanes being include deuterium-based
substituted acridanes, water soluble group containing acri-
danes, enhancer-coupled substituted acridanes, 1,2-dioxet-
anes-coupled substituted acridanes, bis-acridanes and tris-
acridanes.

The deuterium atom or deuterium atom containming sub-
stituted acridanes generally correspond to the formula:
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4
(2)
COXR
X N
- - 1,
NN
d

X 1s oxygen, nmitrogen or sulfur; R 1s methyl, deuterated
methyl, phenyl, deuterated phenyl or substituted phenyl; R,
1s alkyl (containing up to six carbon atoms, branched or
normal chain) or deuterated alkyl, aryl or deuterated aryl,
arylalkyl, alkylaryl, heteroalkyl, alkylalkene, arylalkene,
alkylnitrile, alkylalcohol and alkyacid; R, and R, may be
alkyl or deuterated alkyl, methoxy or deuterated methoxy,
Cl, Br or CN; wherein at least one of R, R, R,, and R, 1s
a deuterium atom or deuterium atom containing organic
group.

The water soluble group contaiming or water-soluble
acridanes can be shown as:

(3)
COXR,

AN

X 1s oxygen, nitrogen or sulfur; wherein R, 1s an organic
group to increase the solubility of substituted acridanes in an
aqueous bufler; R, R, and R, are the same as R, R, and R,
are 1n structure (2).

The third class of acridanes provided herein are shown as:

(4)

)
%
)

g‘
{

wherein R, 1s a substituent for increasing light output 1n an
aqueous buffer in a chemiluminescent system, Ry, R, ,, and
R, are organic groups in the acridane ring as R, R, and R,
are 1n structure (2); X 1s oxygen, nitrogen or sulfur.

The present invention further provides substituted acri-
danes corresponding to the formula:

()

COXR 5
I A I
RIS_I ‘ —/ R4
P S

N
Rj3
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wherein R, , a 1s substituted 1,2-dioxetane, R, 5, R, and R, <
are the substitution 1n acridane ring as R, R, and R, are 1n
structure (2); X 1s oxygen, nitrogen or sulfur.

The present invention further provide substituted bis or
tris-acridanes which are used as horseradish peroxidase
enzyme substrates. The general structure of these bis or
tris-acridanes can be shown as:

(6)

Ry7

cox- |Ris or

COX-

—3

wherein R, 1s alkyl or substituted alkyl, aryl or substituted
aryl, alkylaryl or substituted alkylaryl, and R, -, R, s, and R 5
are substituents in the acridane ring which may include a
deuterium atom or deuterium atom containing group; X 1S
oxygen, nitrogen or sulfur, wherein R,, may be alkyl or
deuterated alkyl, aryl or deuterated aryl, arylalkyl, alkylaryl,

heteroalkyl, alkylalkene, arylalkene, alkylnitrile, alkylalco-
hol and alkyacid; R,, and R, correspond to R, and R,

above.

A second aspect of the present invention provides a first
class of new 1,2-dioxetanes.

The new class of new 1,2-dioxetanes correspond to the
formula:

(/)
ORy

wherein Y 1s hydrogen, alkyl, acetate, t-butyldimethylsilyl
or other protecting group, an enzyme cleaveable group or an
antibody cleaveable group, R,; 1s a substitution in the
benzene ring such as hydrogen, a deuterium atom, a deute-
rium atom-containing group, halogen, hydroxy or substi-
tuted hydroxy, nitrile, alkyl, alkaryl, aralkyl, amino or sub-
stituted amino, nitro, aldehyde, acid, amide, aryl or
substituted aryl, R,, 1s an organic group having an isotopic
hydrogen (deuterium atom) and is selected from the group
consisting of cyclic, linear or branched, halogenated or
non-halogenated alkyl, aryl, arylalkyl, alkaylaryl, het-
croalkyl, heteroaryl, cycloalkyl, cycloheteroalkyl, alkyle-
theralkyl, alkyletheraryl, alkyl(etheralkyl),, alkyl(ether-
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6

alkyl);, alkyletherhaloalky]l, alkyl(etherhaloalkyl).,
alkylalkene, alkylalkyne, arylalkene, arylalkyne, alkylalco-
hol, alkylnitrile, alkylamine, alkylacid or the mnorganic salts
thereof, haloalkylalcohol, haloalkylnitrile, haloalkylamine,
haloalkylacid or mmorganic salts thereof, linker-tflourescent
molecule, linker-antibody, linker-antigen, linker-biotin,
inker-avidin, linker-protein, linker-carbohydrate or linker-

lipid, R,, and R, (I) form

a

which 1s a cyclic, polycyclic or spiro-fused ring containing
at least one carbon-carbon double bond or carbon-carbon
triple bond in the ring or side chain, with or without
heteroatoms, or (II) form

77N
Ar

N

which 1s a cyclic, polycyclic or a spiro-fused ring containing
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (III) form

77N\
R

N’

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) are each substituted or unsubstituted branched alkyl
groups or cycloalkyl groups having 3 to 8 carbon atoms and
being substituted 1n the ring or side chain.

A second class of new 1,2-dioxetanes are tethered bis-1,
2-dioxetanes. These tether bis-1,2-dioxetanes are prepared
by the photo-oxidation of tethered bis-alkenes. The bis-1,2-
dioxetanes hereol generally correspond to the formula:

(3)

Rgg\i):i)/Xl—RM—XE\E:E/Rg;
Ré s i \R23
ok
¥y

X,, X, and X, are each individually, sulphur or oxygen or
nitrogen; R,, 1s an organic group and 1s selected from the
group consisting of cyclic, linear or branched, halogenated
or non-halogenated alkyl, aryl, arylalkyl, alkylaryl, het-
eroalkyl, heteroaryl, cycloalkyl, cycloheteroalkyl, alkyle-
theralkyl, alkyletheraryl, alkyl(etheralkyl),, alkyl(ether-
alkyl)s,, alkyletherhaloalkyl, alkyl(etherhaloalkyl),,
alkylalkene, alkylalkyne, arylalkene, arylalkyne, alkylalco-
hol, alkylnitrile, alkylamine, alkylacid or the mnorganic salts
thereol, haloalkylalcohol, haloalkylnitrile, haloalkylamine,
haloalkylacid or mmorganic salts thereof, linker-tflourescent
molecule, linker-antibody, linker-antigen, linker-biotin,
inker-avidin, linker-protein, linker-carbohydrate or linker-
lipid; R, and R, (1) form
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which 1s a cyclic, polycyclic or spiro-fused ring containing,
at least one carbon-carbon double bond or carbon-carbon
triple bond in the ring or side chain, with or without
heteroatoms, or (II) form

7~ N\
Ar
N

which 1s a cyclic, polycyclic or a spiro-fused ring containing,
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (III) form

7N\
R

N

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) are each substituted or unsubstituted branched alkyl
groups or cycloalkyl groups having 3 to 8 carbon atoms and
being substituted 1n the ring or side chain, Ar 1s either
phenyl, substituted phenyl, naphthyl, substituted naphthyl,
anthryl, substituted anthryl with or without a fluorescent
group; Y 1s either hydrogen, alkyl, acetate, t-butyldimeth-
ylsilyl, an enzyme cleavable group or an antibody cleavable
group; and R,, 1s an organic group having an 1sotopic
hydrogen (deuterium atom) and is selected from the group
consisting of cyclic, linear or branched, halogenated or
non-halogenated alkyl, aryl, arylalkyl, alkylaryl, het-
croalkyl, heteroaryl, cycloalkyl, cycloheteroalkyl, alkyle-
theralkyl, alkyletheraryl, alkyl(etheralkyl),, alkyl(ether-

alkyl)s,, alkyletherhaloalkyl, alkyl(etherhaloalkyl),,

alkylalkene, alkylalkyne, arylalkene, arylalkyne, alkylalco-
hol, alkylnitrile, alkylamine, alkylacid or the inorganic salts
thereot, haloalkylalcohol, haloalkylnitrile, haloalkylamine,
haloalkylacid or imorganic salts thereof, linker-flourescent
molecule, linker-antibody, linker-antigen, linker-biotin,
inker-avidin, linker-protein, linker-carbohydrate or linker-
lipid; R,, and R, are the same as R,. and R,, wherein
individually R,., R., R, R,,, R,; and Ar may be a
deuterrum atom or deuterrum atom containing organic

gI'Oup;
Or
II
O O O O )
R OR R-2qnO R
34\‘ ‘/ 29 30 \‘ ‘/ 32
/C—C\ /C—C\
R3s TI_M—RM—XS_TJ R33
X6 Xg
| |
Y Y
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X,, X5 and X, are each individually sulphur, oxygen or
nitrogen; R,, and R,, 1s an organic group and 1s selected
from the group consisting of cyclic, linear or branched,
halogenated or non-halogenated alkyl, aryl, arylalkyl, alky-
laryl, heteroalkyl, heteroaryl, cycloalkyl, cycloheteroalkyl,

alkyletheralkyl, alkyletheraryl, alkyl(etheralkyl),, alkyl(e-

theralkyl),, alkyletherhaloalkyl, alkyl(etherhaloalkyl),,
alkylalkene, alkylalkyne, arylalkene, arylalkyne, alkylalco-

hol, alkylnitrile, alkylamine, alkylacid or the mnorganic salts
thereol, haloalkylalcohol, haloalkylnitrile, haloalkylamine,
haloalkylacid or inorganic salts thereof, linker-flourescent
molecule, linker-antibody, linker-antigen, linker-biotin,
inker-avidin, linker-protein, linker-carbohydrate or linker-
lipid; R;, and R;; (I) form

a

which 1s a cyclic, polycyclic or spiro-fused ring containming
at least one carbon-carbon double bond or carbon-carbon
triple bond in the rning or side chain, with or without
heteroatoms, or (II) form

77N
Ar

N

which 1s a cyclic, polycyclic or a spiro-fused ring containing
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (III) form

7N\
R

N

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) are each substituted or unsubstituted branched alkyl
groups or cycloalkyl groups having 3 to 8 carbon atoms and
being substituted 1 the ring or side chain, Ar 1s either
phenyl, substituted phenyl, naphthyl, substituted naphthyl,
anthryl, substituted anthryl with or without a fluorescent
group; Y 1s either hydrogen, alkyl, acetate, t-butyldimeth-
ylsilyl, an enzyme cleavable group, or an antibody cleavable
group; and R,, 1s a aryl or alkyl linker arm; R, and R, are
as described above for R;, and R,
or

[11

wherein R, 4, R+, Ry, Ry and Ar may include a deuterrum
atom or deuterium atom containing organic group; X-, Xs.
X, and X, , are each individually sulphur, oxygen or nitro-
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gen, Y 1s either hydrogen, alkyl, acetate, t-butyldimethylsi-
lyl, an enzyme cleavable group, or an antibody cleavable
group; R, 1s an aryl or alkyl linker arm; R, 15 an organic
group and 1s selected from the group consisting of cyclic,
linear or branched, halogenated or non-halogenated alkyl,
aryl, arylalkyl, alkylaryl, heteroalkyl, heteroaryl, cycloalkyl,
cycloheteroalkyl, alkyletheralkyl, alkyletheraryl, alkyl
(etheralkyl),, alkyl(etheralkyl),, alkyletherhaloalkyl, alkyl
(etherhaloalkyl),, alkylalkene, alkylalkyne, arylalkene, ary-

lalkyne, alkylalcohol, alkylmtrile, alkylamine, alkylacid or
the 1norganic salts thereof, haloalkylalcohol, haloalkylni-
trile, haloalkylamine, haloalkylacid or inorganic salts
thereol, linker-tflourescent molecule, linker-antibody, linker-
antigen, linker-biotin, inker-avidin, linker-protein, linker-
carbohydrate or linker-lipid; R, (I) form

a

which 1s a cyclic, polycyclic or spiro-fused ring containing,
at least one carbon-carbon double bond or carbon-carbon
triple bond in the ring or side chain, with or without
heteroatoms, (II) form

7N\
Ar
N

which 1s a cyclic, polycyclic or a spiro-fused ring containing,
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (III) form

7~ N\
R

N

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) a substituted or unsubstituted branched alkyl groups
or cycloalkyl groups having 3 to 8 carbon atoms and being
substituted 1n the ring or side chain; R, 1s as described
above for R, wherein individually R, o, R5,, R, R55, Rss,
R;., Ri- and Ar may comprise a deuterium atom or deute-
rium atom containing organic group;

Or
IV
(11)
O—0 O—0
R41—X11\| ‘/\‘ ‘/Xn—R:n
/C—C R4o C—C\
oYy
li‘llz }'I{IZ
Y Y

X,,; and X,, are each, individually, sulphur, oxygen or
nitrogen, Y 1s either hydrogen, alkyl, acetate, t-butyldimeth-
ylsilyl, an enzyme cleavable group, or an antibody cleavable
group; R,, (I) forms
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G

which 1s a cyclic, polycyclic or spiro-fused ring containing
at least one carbon-carbon double bond or cabon-carbon
triple bond in the rning or side chain, with or without
heteroatoms, or (1) forms

7~ N\
Ar
N

which 1s a cyclic, polycyclic or a spiro-fused ring containing
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (III) forms

N
R

N

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) 1s a substituted or unsubstituted branched alkyl
groups or cycloalkyl groups having 3 to 8 carbon atoms and
being substituted 1n the ring or side chain; R, 1s an organic
group and 1s selected from the group consisting of cyclic,
linear or branched, halogenated or non-halogenated alkyl,
aryl, arylalkyl, alkylaryl, heteroalkyl, heteroaryl, cycloalkyl,
cycloheteroalkyl, alkyletheralkyl, alkyletheraryl, alkyl
(etheralkyl),, alkyl(etheralkyl),, alkyletherhaloalkyl, alkyl
(etherhaloalkyl),, alkylalkene, alkylalkyne, arylalkene, ary-
lalkyne, alkylalcohol, alkylnitrile, alkylamine, alkylacid or
the mnorganic salts thereof, haloalkylalcohol, haloalkylni-
trile, haloalkylamine, haloalkylacid or 1norganic salts
thereol, linker-flourescent molecule, linker-antibody, linker-
antigen, linker-biotin, inker-avidin, linker-protein, linker-
carbohydrate or linker-lipid; and Ar either phenyl, substi-
tuted phenyl, naphthyl, substituted naphthyl, anthryl,
substituted anthryl with or without a fluorescent group,
wherein each of R, R,,, and Ar may include a deuterium
atom or deuterium atom containing organic group.

These new ultra-sensitive 1,2-dioxetanes can detect
B-glucosidase, p-glucosidase, [3-glucuronidase, esterase and
sulfatase enzymes at very low level. These chemilumines-
cent systems are at least 1000 times more sensitive com-
pared to the chromophoric substrates.

The deuterium atom or deuterium atom containing group
cllects the output of chemiluminescent light produced by the
enzymatic decomposition of 1,2-dioxetanes.

For a more complete understanding of the present mnven-
tion references 1s made to the following detailed description
and accompanying examples.

DESCRIPTION OF THE PREFERR
EMBODIMENTS

T
.

In a first aspect hereol and as noted above, the present
invention provides new acridane-based chemiluminescent
compounds for uses in an aqueous builer.
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These chemiluminescent compounds are used to prepare
stabilized substrate 1n aqueous bufler or reagent formula-
tions for use 1 assaying HRP enzyme or 1ts conjugates and
other molecules from biological sources.

In accordance with the first aspect there 1s provided
deuterrum-based substituted acridanes; water-soluble sub-
stituted acridanes; enhancer-coupled substituted acridanes;
1,2-dioxetanes-coupled substituted acridanes and bis- and
tris-substituted acridanes. These are more particularly dis-
covered herebelow.

Deutertum-Based Substituted Acridanes:

A deuterium atom or deuterium atom-containing group
cllects the output of chemiluminescent light produced by the
enzymatic decomposition of 1,2-dioxetanes. The deuterium
atom or deuterium atom containing substituted acridanes
hereot generally correspond to the formula:

(2)

LS
(-

X 1s oxygen, nitrogen or sulfur; R 1s methyl, deuterated
methyl, phenyl, deuterated phenyl or substituted phenyl; R,
1s alkyl (containing up to six carbon atoms, branched or
normal chain) or deuterated alkyl, aryl or deuterated aryl,
arylalkyl, alkylaryl, heteroalkyl, alkylalkene, arylalkene,
alkylnitrile, alkylalcohol and alkyacid; R, and R, may be
alkyl or deuterated alkyl, methoxy or deuterated methoxy,

Cl, Br or CN; wherein at least one of R, R, R,, and R, 1s
a deuterium atom or deuterium atom containing organic

group.

Generally, these acridanes are prepared by the reaction of

a substituted acridane acid chloride and phenols or deuter-
ated phenols or alcohols or deuterated alcohols in the
presence of suitable base such as pyridine or diisopropyl-
cthylamine, under a nitrogen or argon blanket at a tempera-

ture ranging from about 5° C. o about 35° C. for a period of

about 10 minutes to 48 hours.

Typically used acid chlorides are prepared by the reaction
ol an acridanes carboxylic acid and thionyl chlonde.
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Water Soluble Substituted Acridanes:
The general structure of these molecules can be shown as:

(3)
COXR,

N NG
|

RS

R7 Rg

X 1s oxygen, nitrogen or sulfur; wherein R, 1s an organic
group to mcrease the solubility of substituted acridanes 1n an
aqueous bufler; R;, R, and R, are the same as R, R, and R,
are 1n structure (2). Among the useful water solubility
increasing groups are p-hydroxycinnamic acid, p-ainocin-
namic acid and 4-(4' hydroxyphenoxy )phenol,

These acridanes are prepared by the reaction of substi-
tuted acridane acid chloride and p-hydroxycinnamic acid or
p-aimocinnamic acid or 4-(4' hydroxyphenoxy) phenol in
the presence of a suitable base under a nitrogen or argon
blanket at the same necessary parameters noted above.
Enhancer Coupled Substituted Acridanes:

The present invention, as noted, provides here the general
structure of these substituted acridanes can be shown as:

(4)

COXRq
I AN AN
R“_I ‘ —Ryg
s s
N
Ry

wherein R, 1s a substituent for increasing light output 1n an
aqueous butler in a chemiluminescent system, R, R, ,, and
R, are organic groups in the acridane ring as R, R, and R,
are 1n structure (2); X 1s oxygen, nmitrogen or sulfur. Among
the useful enhancer group which may, also, increase water
solubility are p-hydroxycinnamic acid, p-ainocinnamic acid,
4-(4'hydroxyphenoxy)phenol, 6-hydroxybenzothiazole,
p-phenylphenol, p-iodophenol.

These acridanes are prepared by the reaction of substi-
tuted acridane acid chloride and the enhancer 1n the presence
ol a suitable base under a nitrogen or argon blanket at the
same necessary parameters noted above.

The enhancer-coupled acridanes will release the enhancer
molecule after reacting with HRP-Fe"—O in an aqueous
bufler. The reaction sequence can be shown as:

I I

C—OR C—OR
/\/]\/\ \/l\ N
‘ ‘ ¢ HRP—TFe/=0 —» ‘ ‘ + HRP—TFel"—o0H
NN~ NN

(‘3H3 (‘3H3

(12)

(13)

H->0O»/under basic conditions
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-continued
O
?"“‘g—OR
O
‘ AN ‘/\
NN F
(‘2H3
/ (15)
O
X X
‘ ‘ + CO, + hv
N NF

The released enhancer accelerates the reaction of acridane
and HRP-Fe"—O for to generate greater chemilumines-
cence.

1,2-Dioxetanes Coupled Substituted Acridanes

The decomposition of 1,2-dioxetanes by horseradish per-
oxidase enzyme 1s not known in the literature. It has been
found that these substituted 1,2-dioxetanes hereof can be
triggered by horseradish peroxidase enzyme. The general
structure can be shown as:

(5)

COXR 5
I AN AN
Ris= ‘ —/ Ry
F s
N
Rz
I
C—O0OR
X AN
| ] rE—
. . =
CH3

(12)
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H O
No M
_ ‘ C—O0R
+ OR O S
>~rm
Enhancer
NN
(LHZ%

wherein R,, a 1s substituted 1,2-dioxetane, including [(4-
methoxy)-4-(3-hydroxyphenyl)|spiro[1,2-dioxetane-3,13'-

tricyclo[7.3.1.0%"]tridec-2,7-ene], R, ,, R, ., and R, . are the
substitution in acridane ring as R, R, and R, are 1n structure

(2); X 1s oxygen, nitrogen or sulfur

These acridanes are prepared by the reaction of substi-
tuted acridanes acid chloride and the stabilized substituted

1,2-dioxetanes 1n the presence of a suitable base, such as

pyridine or diisopropylamine under a nitrogen or argon
blanket.

Although not wishing to be biased by any theory, it
appears that the most probable mechanism for the decom-
position of the present acridanes-1,2-dioxetanes 1s the for-
mation of a phenoxide 1on which, on decomposition, under
basic conditions, gives off light, and this can be shown as:

HRP-Fe"—O+EH—HRP-Fe!*—OH+E.

HRP-Fe!*—OH+EH—-HRP-Fe’”?+E+H,0

O
|
C—OR
AN
‘ + EH
i
CH3

(13)

H->O»/under basic conditions
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)

O

‘ X

F

+ C0Oy + hv

CH3
(16)

{

Bis- and tris-acridanes

O

(18)

US 9,533,974 B2

-continued
I
~~C—O0R H O
| No M
‘ C—O0OR
/\ + "OR O S—
N/ ~NF ‘ ‘
| F F
CH3 T
CH3
(15) (14)
OCHs5
O O
Cl
O
(16)
under basic conditions
Y
OCHj,
o—{_
X
+ ‘ + hv
0O 7 Cl
OH
(19)
45
- -continued
Ry7

As noted above, the present mnvention, also provide bis-
and tris-acridanes for use as chemiluminescent compounds.
These can be shown as:

R]ﬁ or

(6)

50

55

60

65

COX- R ¢

wherein R, 1s alkyl or substituted alkyl, aryl or substituted
aryl, alkylaryl or substituted alkylaryl, and R,-, R, and R 5
are substituents in the acridane ring which may include a
deuterium atom or deutertum atom containing group; X 1s
oxygen, nitrogen or sulfur, wherein R,, may be alkyl or
deuterated alkyl, aryl or deuterated aryl, arylalkyl, alkylaryl,
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heteroalkyl, alkylalkene, arylalkene, alkylnitrile, alkylalco-
hol and alkyacid; R,, and R,4 correspond to R, and R,
above.

The present acridanes, as noted, may be used to prepare
stabilized chemiluminescent reagents when admixed with an
oxidizing agents, a buller and/or a stabilizing agent.

As noted hereabove and 1n a second aspect hereof there 1s
provided a new class of 1,2-dioxetanes including electron-
deficient group containing dioxetanes and tethered bis-1,2-
dioxetanes.

The present invention, also, provide new alkenes for the
production of the 1,2-dioxetanes. These 1,2-dioxetanes may
be used for the detection of alkaline phosphatase, 3-galac-

tosidase, p-glucosidase, P-glucuronidase, esterase, and sul-
fatase.

Electron Deficient Group Contaiming 1,2-Dioxetanes;
The electron deficient group contaiming 1,2-dioxetanes
can be represented as:

(7)

wherein Y 1s hydrogen, alkyl, acetate, t-butyldimethylsilyl
or other protecting group, an enzyme cleaveable group or an
antibody cleaveable group, R,, 1s a substitution in the
benzene ring such as hydrogen, a deutertum atom, a deute-
rium atom-containing group, halogen, hydroxy or substi-
tuted hydroxy, nitrile, alkyl, alkaryl, aralkyl, amino or sub-
stituted amino, nitro, aldehyde, acid, amide, aryl or
substituted aryl, R,, 1s an organic group having an 1sotopic
hydrogen (deuterium atom) and is selected from the group
consisting of cyclic, linear or branched, halogenated or
non-halogenated alkyl, aryl, arylalkyl, alkaylaryl, het-
croalkyl, heteroaryl, cycloalkyl, cycloheteroalkyl, alkyle-

theralkyl, alkyletheraryl, alkyl(etheralkyl),, alkyl(ether-
alkyl),, alkyletherhaloalkyl, alkyl(etherhaloalkyl),,
alkylalkene, alkylalkyne, arylalkene, arylalkyne, alkylalco-
hol, alkylnitrile, alkylamine, alkylacid or the mnorganic salts
thereol, haloalkylalcohol, haloalkylnitrile, haloalkylamine,
haloalkylacid or inorganic salts thereof, linker-tflourescent
molecule, linker-antibody, linker-antigen, linker-biotin,
inker-avidin, linker-protein, linker-carbohydrate or linker-
lipid, R,, and R,, (I) form

G

which 1s a cyclic, polycyclic or spiro-fused ring containing,
at least one carbon-carbon double bond or cabon-carbon
triple bond in the ring or side chain, with or without
heteroatoms, or (II) form

N
Ar

N
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which 1s a cyclic, polycyclic or a spiro-fused ring containing
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (III) form

7N\
R

N

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) are each substituted or unsubstituted branched alkyl

groups or cycloalkyl groups having 3 to 8 carbon atoms and

being substituted 1n the ring or side chain.

As described below electron deficient group containing
1,2-dioxetanes hereol are synthesized by the oxidation of a
new series of substituted alkenes containing electron defi-
cient or electron withdrawing groups. Ar 1s a substituted or
unsubstituted aromatic ring having an electron withdrawing
group or groups such as Cl or CN, R,, R,, and R,, are
described above.

The electron deficient group substituted 1,2-dioxetanes
hereot correspond to the following:

(20)

(21)

Na™ O

When these 1,2-dioxetanes react with alkaline phos-
phatase enzyme 1n an aqueous bufler, they give an unstable
aryl oxide 1,2-dioxetane intermediates of the formulae:

(22)

/\‘
N
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-continued
(23)
RZ] OR20
R22 \
O ‘
= CN
O

These unstable 1,2-dioxetanes intermediates (22) and
(23), then, spontaneously decompose to produce light and
compounds of the following formulae:

(18)

O
(24)
Ry
): ()
Ry,
o (25)
Ar
O% ‘/.\
T
O
(26)
ORyg
O
CN
Q

More particularly the 1,2-dioxetanes hereof are prepared
from alkenes having an 1sotopic or nomisotopic hydrogen or
1sotopic or nonisotopic hydrogen atom-containing group
thereol. These alkenes are prepared by the reaction of (a) a
spiro-fused ketone with or without a r-electron 1n the ring or

side chain or other ketone having a carbon to carbon double
bond or triple bond with (b) an aromatic ester or other
ketone, wherein at least one or both of the spiro-fused ketone
or ester or other ketone has an 1sotopic hydrogen or 1sotopic
hydrogen-containing group.

Generally, the reaction proceeds, using titanium trichlo-
ride or tetrachloride and a reducing agent such as an active
metal or lithium aluminum hydride 1n tetrahydrofuran (THF)

or other solvent of choice. This reaction 1s an intermolecular
coupling of a ketone and an ester or ketone to form a vinyl
cther using a modified McMurray procedure.

Ar 1s substituted or unsubstituted aromatic ring having
clectron withdrawing group or groups, R,,, R,; and R, are
described above. The new alkenes hereof used to prepare the
present 1,2-dioxetanes, thus, correspond to the general for-
mula:
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(27)

(28)

/

Na O

Generally, the mtermolecular coupling reaction between
the spiro-fused ketone or ketones and the ester or other
ketone 1s carried out at a temperature ranging from about 25°
C. to about 85° C. and, preferably, from about 45° C. to
about 65° C.

After the alkene 1s obtained 1t 1s then, photooxidized to
form the stable, triggerable 1,2-dioxetanes hereol. These
dioxetanes can, then, be de-stablized or triggered by reaction
with a base, an acid, enzyme and or 1norganic or organic
catalyst and/or electron donor source in the presence or
absence of a fluorescent compound.

These electron withdrawing group containing 1,2-dioxet-
anes hereol can detect P-galactosidase enzyme at very low
level. The substrates are prepared by the photooxidation of
3-galactose-substituted alkenes which are prepared by react-
ing the hydroxy group containing alkenes on benzene ring
such, as (3-hydroxy-4-cyanophenyl)methoxymethylene tri-
cyclo[7.3.1.0% tridec-2,7-ene and [(3-Hydroxy-4-chloro-
phenyl)-2-methoxy (D) methylene]adamantane, with
acetobromo-a.-D-galactose.

Substrates for 3-galactosidase enzyme are more sensitive

then prior substrates due to the effect of the m-electrons on
the decomposition of the 1,2-dioxetane intermediates 1n the
form of phenoxide 1on formed after the interaction of the
galactoside group on the 1,2-dioxetane and the p-galactosi-
dase enzyme. The eflect of the cyano group on the phenox-
ide 1on and the deuterated methyl group on the dioxetane
ring, also, enhances the output of chemiluminescent light.

The enzymatic cleavage of both unsaturated and saturated
1,2-dioxetanes can be shown as:

p-Galactosidase
— X7 -




US 9,533,974 B2

21

-continued

(52)

Y
OR
0=<
/\
+ hv + ‘ A7
\%
O
O
(18) (53)
Unsaturated 1,2-dioxetanes
wherein X, 1s H, Cl, Br, CN; R 1s CH,, CD,.
09 ocep,
N p-Galactosidase
_ler :
/
O
9 oep,
X
T X17
/
O
(55)
Y
OCDx
O
+ hv +O%
/\I
‘ T X17

(57) (56)

Saturated 1,2-dioxetanes

wherein X, 1s H, Cl, Br, CN
Similarly the electron withdrawing 1,2-dioxetanes are
usetul substrates for p-glucosidase enzyme detection. They
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are prepared by the photooxidation of p-D-glucoside-sub-
stituted alkenes which, in turn, are prepared by the reaction
of hydroxy group contaiming alkenes on benzene ring such
as, (3-hydroxy-4-cyanophenyl)methoxymethylene tricyclo
[7.3.1.0%tridec-2,7-ene and [(3-Hydroxy-4-chlorophenyl)-
2-methoxy (D, ) methylene]adamantane and 2,3,4,6-tetra-O-
acetyl-a-D-glucopyranosyl bromide, where the cleavage
reaction proceeds as flows:

p-Glucosidase
-

(52)

+ hv +
%
O

(18) (53)

Unsaturated 1,2-dioxetanes

wherein X, 1s H, Cl, Br, CN; R 1s CH,, CD,.

O—0 OCD;

X .
‘ B-glucosidase
/

T X17 -

h

HO O




US 9,533,974 B2

23

-continued
00 OCD;
/\l
‘ T X117
\[/
O
(55)
Y
OCD;
O
O
\/\
‘ T X17

(57)

Saturated 1,2-dioxetanes

wherein X, 1s H, Cl, Br, CN

Using the same electron withdrawing 1,2-dioxetane (59),

B-glucuronidase enzyme substrates are also provided pre-
pared by the photooxidation of [-D-glucoside-substituted
alkenes which, in turn, are prepared by the reaction hydroxy
group contaiming alkenes on benzene ring such as, (3-hy-
droxy-4-cyanophenyl)methoxymethylene  tricyclo[7.3.1.
0°’]tridec-2,7-ene | (3-Hydroxy-4-chlorophenyl)-2-
methoxy (D, ) methylene]adamantane and acetobromo-o.-D-

and

glucoronic acid, methyl ester.

These chemiluminescent systems appear to be at least
1000 times more sensitive compared to the chromophoric
substrates.

The enzymatic cleavage of the 1,2-dioxetane 1n the pres-
ence of [3-glucuronidase enzyme can be shown as:

p-Glucuronidase
>
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-continued

(52)
Y
OR
O
X
T X17
+ hv + .
O
O
(18) (53)
Unsaturated 1,2-dioxetanes
wherein X, 1s H, Cl, Br, CN; R 1s CH, or CD.
0O—0O
OCD;
N p-Glucuronidase
T X117 >
/
O0—0
OCD;
X
T X17
/
O
(35)
Y
OCDx;

O+hw+0=4/\l

(57)

(56)

Saturated 1,2-dioxetanes

wherein X, , 1s H, Cl, Br, CN

Also, arylesterase enzyme substrates prepared by the
photooxidation of acetyl-substituted alkenes, which can be
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prepared by the reaction of reaction hydroxy group contain-
ing alkeneson benzene ring such as, (3-hydroxy-4-cyano-
phenyl)methoxymethylene tricyclo[7.3.1.0%]tridec-2,7-ene
and [(3-Hydroxy-4-chlorophenyl)-2-methoxy (D;) methyl-
ene|adamantane and acetyl chloride reaction.

The enzymatic cleavage of these same electron withdraw-
ing group containing 1,2-dioxetanes can be shown as:

Arylesterase

- X17 >

(52)
Y
OR
+ hv + O
X
O ——X17

/
O

(18) (53)

Unsaturated 1,2-dioxetanes

wherein X, 1s H, Cl, Br, CN; R 1s CH,, CD..

Arylesterase

(63)
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-continued
O—0
OCD:
X
T X17
F
O
(55)
Y
OCD;
O + hv + o% A
X
‘ —X17

N

(57) (56)

Saturated 1,2-dioxetanes

wherein X, -, 1s H, Cl, Br, CN

The same applied for arylsulfatase enzyme substrates

where the sulfate-substituted alkenes are prepared by
the reaction of hydroxy group containing alkenes on ben-
zene ring such as, (3-hydroxy-4-cyanophenyl)methoxym-
ethylene tricyclo[7.3.1.0%"|tridec-2,7-ene and [(3-Hydroxy-
4-chlorophenyl)-2-methoxy (D,;) methylene]adamantane
and chlorosulfonic acid. The enzymatic cleavage of electron
withdrawing group containing 1,2-dioxetane can be shown
as:

Arylsulfatase
T X17 -

(64)

(52)
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-continued
OR
+ hv + O
AN
O T A17
/
O
(18) (583
Unsaturated 1,2-dioxetanes
wherein X, 1s H, Cl, Br, CN; R 1s CH,, CD,.
O_OKOCL‘g
/\ Arylsulfatase
‘ T X17 -
?\K
Na™ O S‘ O
O
(65) .
=9 oep,
/\I
‘ T X17
\[/
O
(35)
' OCD;
O + hv + 0:4
/\I
‘ T X17
%
O
(57) (56)

Saturated 1,2-dioxetanes
wherein X, 1s H, Cl, Br, CN

Tethered bis-1,2-dioxetanes

A second class of new 1,2-dioxetanes are tethered bis-1,2-
dioxetanes. These tether bis-1,2-dioxetanes are prepared by
the photo-oxidation of tethered bis-alkenes.

The bis-1,2-dioxetanes hereot generally correspond to the
formula:

(8)

O0O—0O O—O0O
R25>(‘j—(‘j<}(1 Roq sz(lj_(‘j::Rz?
Rog Ar Ar Rog

Lo
Yoo

X,, X, and X, are each individually, sulphur or oxygen or
nitrogen; R,, 1s an organic group and 1s selected from the
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group consisting of cyclic, linear or branched, halogenated
or non-halogenated alkyl, aryl, arylalkyl, alkylaryl, het-
croalkyl, heteroaryl, cycloalkyl, cycloheteroalkyl, alkyle-
theralkyl, alkyletheraryl, alkyl(etheralkyl),, alkyl(ether-

alkyl);, alkyletherhaloalkyl, alkyl(etherhaloalkyl),.
alkylalkene, alkylalkyne, arylalkene, arylalkyne, alkylalco-
hol, alkylnitrile, alkylamine, alkylacid or the mnorganic salts
thereof, haloalkylalcohol, haloalkylnitrile, haloalkylamine,
haloalkylacid or mnorganic salts thereof, linker-tflourescent
molecule, linker-antibody, linker-antigen, linker-biotin,

inker-avidin, linker-protein, linker-carbohydrate or linker-
lipid; R,< and R, (I) form

(r

which 1s a cyclic, polycyclic or spiro-fused ring containing
at least one carbon-carbon double bond or cabon-carbon
triple bond in the ring or side chain, with or without
heteroatoms, or (II) form

77 N\
Ar
N

which 1s a cyclic, polycyclic or a spiro-fused ring containing
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (III) form

7~ N\
R

N

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) are each substituted or unsubstituted branched alkyl
groups or cycloalkyl groups having 3 to 8 carbon atoms and
being substituted in the ring or side chain, Ar 1s either
phenyl, substituted phenyl, naphthyl, substituted naphthyl,
anthryl, substituted anthryl with or without a fluorescent
group; Y 1s either hydrogen, alkyl, acetate, t-butyldimeth-
ylsilyl, an enzyme cleavable group or an antibody cleavable
group; and R,, 1s an organic group having an isotopic
hydrogen (deuterium atom) and 1s selected from the group
consisting of cyclic, linear or branched, halogenated or
non-halogenated alkyl, aryl, arvylalkyl, alkylaryl, het-
croalkyl, heteroaryl, cycloalkyl, cycloheteroalkyl, alkyle-
theralkyl, alkyletheraryl, alkyl(etheralkyl),, alkyl(ether-
alkyl)s,, alkyletherhaloalkyl, alkyl(etherhaloalkyl),,
alkylalkene, alkylalkyne, arylalkene, arylalkyne, alkylalco-
hol, alkylnitrile, alkylamine, alkylacid or the mnorganic salts
thereof, haloalkylalcohol, haloalkylnitrile, haloalkylamine,
haloalkylacid or mmorganic salts thereof, linker-tflourescent
molecule, linker-antibody, linker-antigen, linker-biotin,
inker-avidin, linker-protein, linker-carbohydrate or linker-
lipid; R,- and R, are the same as R, and R,, wherein
individually R,., R,., R,., R,,, R, and Ar may be a
deuterium atom or deuterium atom containing organic
group; or
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I

()

O———0O O———0O
R34 . ‘ ‘ _ORag RSDO\ ‘ ‘ _Ra
/C C\ #,.C C\
R3s JTII_)QL_RSI_XS_TI R33
X6 X6
| |
Y Y

X4, X5 and X, are each individually sulphur, oxygen or
nitrogen; R,, and R, 1s an organic group and 1s selected
from the group consisting of cyclic, linear or branched,
halogenated or non-halogenated alkyl, aryl, arylalkyl, alky-
laryl, heteroalkyl, heteroaryl, cycloalkyl, cycloheteroalkyl,
alkyletheralkyl, alkyletheraryl, alkyl(etheralkyl),, alkyl(e-

theralkyl),, alkyletherhaloalkyl, alkyl(etherhaloalkyl)s,,
alkylalkene, alkylalkyne, arylalkene, arylalkyne, alkylalco-

hol, alkylnitrile, alkylamine, alkylacid or the inorganic salts
thereot, haloalkylalcohol, haloalkylnitrile, haloalkylamine,
haloalkylacid or mnorganic salts thereof, linker-tflourescent
molecule, linker-antibody, linker-antigen, linker-biotin,
inker-avidin, linker-protein, linker-carbohydrate or linker-
lipid; R5, and R (I) form

(x

which 1s a cyclic, polycyclic or spiro-fused ring containing
at least one carbon-carbon double bond or cabon-carbon
triple bond in the ring or side chain, with or without
heteroatoms, or (II) form

77 N\
Ar
\_

which 1s a cyclic, polycyclic or a spiro-fused ring containing,
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (III) form

7~ N\
R

N

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) are each substituted or unsubstituted branched alkyl
groups or cycloalkyl groups having 3 to 8 carbon atoms and
being substituted 1 the ring or side chain, Ar 1s either
phenyl, substituted phenyl, naphthyl, substituted naphthyl,
anthryl, substituted anthryl with or without a fluorescent
group; Y 1s either hydrogen, alkyl, acetate, t-butyldimeth-
ylsilyl, an enzyme cleavable group, or an antibody cleavable
group; and R, 1s a aryl or alkyl linker arm; R, and R, are
as described above for R, and R,
or

I

(10)

O——0O O——0O
R39—X9\ | | | | *;XQ_R39
/C—C R37+ X7—R36— Xg—1R3g C—C\

I gy

X10 X10

I |
Y Y
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wherein R, R5-, Ry, Ry and Ar may include a deutertum
atom or deuterium atom containing organic group; X, X,
X, and X, are each individually sulphur, oxygen or nitro-
gen, Y 1s either hydrogen, alkyl, acetate, t-butyldimethylsi-
lyl, an enzyme cleavable group, or an antibody cleavable
group; R, 1s an aryl or alkyl linker arm; R,, 1s an organic
group and 1s selected from the group consisting of cyclic,
linear or branched, halogenated or non-halogenated alkyl,
aryl, arylalkyl, alkylaryl, heteroalkyl, heteroaryl, cycloalkyl,
cycloheteroalkyl, alkyletheralkyl, alkyletheraryl, alkyl
(etheralkyl),, alkyl(etheralkyl),, alkyletherhaloalkyl, alkyl
(etherhaloalkyl),, alkylalkene, alkylalkyne, arylalkene, ary-
lalkyne, alkylalcohol, alkylnitrile, alkylamine, alkylacid or
the mnorganic salts thereof, haloalkylalcohol, haloalkylni-
trile, haloalkylamine, haloalkylacid or i1norganic salts
thereol, linker-flourescent molecule, linker-antibody, linker-
antigen, linker-biotin, inker-avidin, linker-protein, linker-
carbohydrate or linker-lipid; R, (I) form

(x

which 1s a cyclic, polycyclic or spiro-fused ring containing
at least one carbon-carbon double bond or cabon-carbon
triple bond in the ring or side chain, with or without
heteroatoms, (II) form

VRN
Ar
\__/

which 1s a cyclic, polycyclic or a spiro-fused ring containing
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (III) form

7~ N\
R

N

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) a substituted or unsubstituted branched alkyl groups
or cycloalkyl groups having 3 to 8 carbon atoms and being
substituted 1n the ring or side chain; R, 1s as described
above for R, ., wherein individually R, R4, Ry, R4, Rss,
R4, Ry and Ar may comprise a deuterium atom or deute-
rium atom containing organic group;

IV
(11)
Al
or R4y—Xy X1 Ry
>C—C/R4}C—c<

i N i

?l‘llz }‘(12

Y Y

X,; and X,, are each, individually, sulphur, oxygen or
nitrogen, Y 1s either hydrogen, alkyl, acetate, t-butyldimeth-
ylsilyl, an enzyme cleavable group, or an antibody cleavable
group; R, (I) forms
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(x

which 1s a cyclic, polycyclic or spiro-fused ring containing,
at least one carbon-carbon double bond or cabon-carbon
triple bond in the ring or side chain, with or without
heteroatoms, or (I1I) forms

VR
Ar
_

which 1s a cyclic, polycyclic or a spiro-fused ring containing
a substituted or unsubstituted fused aromatic ring or a
substituted or unsubstituted aromatic ring attached by linker
arms, or (II) forms

7~ N\
R

N

which 1s either a cyclic, substituted or unsubstituted poly-
cyclic alkyl group which 1s spiro-fused to the dioxetane ring
or (IV) 1s a substituted or unsubstituted branched alkyl
groups or cycloalkyl groups having 3 to 8 carbon atoms and
being substituted 1n the ring or side chain; R4, 1s an organic
group and 1s selected from the group consisting of cyclic,
linear or branched, halogenated or non-halogenated alkyl,
aryl, arylalkyl, alkylaryl, heteroalkyl, heteroaryl, cycloalkyl,
cycloheteroalkyl, alkyletheralkyl, alkyletheraryl, alkyl
(etheralkyl),, alkyl(etheralkyl),, alkyletherhaloalkyl, alkyl
(etherhaloalkyl),, alkylalkene, alkylalkyne, arylalkene, ary-

lalkyne, alkylalcohol, alkylmtrile, alkylamine, alkylacid or
the 1norganic salts thereof, haloalkylalcohol, haloalkylni-

trile, haloalkylamine, haloalkylacid or 1norganic salts
thereol, linker-flourescent molecule, linker-antibody, linker-
antigen, linker-biotin, inker-avidin, linker-protein, linker-
carbohydrate or linker-lipid; and Ar either phenyl, substi-
tuted phenyl, naphthyl, substituted naphthyl, anthryl,
substituted anthryl with or without a fluorescent group,
wherein each of R,,, R,;, and Ar may include a deutertum
atom or deuterium atom containing organic group.

The bis-1,2-dioxetanes hereot are prepared from alkenes
having an 1sotopic or nomsotopic hydrogen or isotopic or
nonisotopic hydrogen atom-containing group thereol and
correspond to the formula:

(29)
O—0 O—0
R O——CH, ——CH,——0 R
R | X Z | Rog
X BTIRALE
s N
- O
\\ Na*©
Na™ O=—P—0 QO—P=—=0
_C;! O-
Na© Na©

wherein X, 5, R,-, R,«, R, and R, are as described above,
or
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wherein X, ,, R32, R,,, R, and R, as are describe above,

or

(31)

wherein R,,, and X, ; are as described above,

or

(32)

wherein R, and X, . are as described above.

The bis-1,2-dioxetanes of formulae (29), (30), (31) and

(32) react with alkaline phosphatase enzyme 1n an aqueous
bufler. They breakdown into an unstable aryl oxide 1,2-
dioxetane intermediate of the following formulae (33), (34),
(35) and (36), respectively;

(33)




-continued
O—0O O O
R OCH, i g g i CH;0
R33 | X 7z |
T IR
P ™
0 O
|
XIS_I
O—0O
R4,0
7N
X ——
16 I o
/ R41
& X
O—0
P
O_

These unstable 1,2-dioxetane intermediates, then, spon-
taneously decompose to produce light and compounds of the

formulae:

(37)

33

1,2-dioxetane intermediate 33

X 4
o« _I
13 | / \ |
O O
(38)

1,2-dioxetane intermediate 34

OCHj; (ﬁ (ﬁ
O—C—C—0
| N F
X4
S ™
O O

US 9,533,974 B2

(34)
O—0O
R>7
Rog
X14
(35)

(36)

R57
00
X13 RZS:
(39)
30, R34
OO:(
| R
_|Xl4 35
(42)
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-continued
1,2-dioxetane intermediate 35

|

R300
39 d 0 o
() an
2
Xls—l
/
O—CH,—0O
-0 2
(43) (44)
1,2-dioxetane intermediate 36
R4;0
] O
O an
Y
Xm_l
/
0 '
(45) (46)

The intermediate alkenes for the synthesis of bis-1,2-
dioxetanes are prepared by the reaction of (a) a spiro-fused
bis-(ketone) with either m-electrons or a carbon-carbon
double or triple bond(s) 1n the spiro-fused ring and (b) an
aromatic ester or another ketone or (2) (a) a spiro-fused
ketone and a bis-(aromatic ester) or other tethered bis-
(ketones). Additionally, these new tethered bis-(1,2-dioxet-
anes) may have electron donating or withdrawing groups
with or without one of the hydrogen atoms replaced by
deuterium at the four-membered peroxide ring.

The new alkenes hereofl used to prepare the present
1,2-dioxetanes, thus, correspond to the general formula:

R X R X R &)
25 1 Ropg— Ao 27
\ / \ /
C=C( C=(C
/\ / \
Rog JTLI‘ ZTLI' Rog
X3 X3
| |
Y Y

wherein R, ,, R, R, ., R,,, R, and Ar, X, X, and X, are
as described above or

(48)
R34 ORyg R340 R3»
\ / \ /
C=C ==
/ \ / \
R3s AT_X4—R31—X5—TI R33
| |
Y Y
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wherein R,q, R30, R3p, Ras, Rz, Ryy, Rys and Ar, Xy, X
and X, are as described above
or

(49)

Rzo— Xo Xo— Rz
\C—C R X R X Rzre C C/
— 37 T R36T Ag 38 L—
/ \
| |
X X

10

| |
Y N

10

wherein R, R;,, Ry Ry, X5, Xg, X and X, , are as
described above or

Rgj— X1 X11— Ry >
\C=C/R4>C=C
Va2
}‘(12 }‘(12
¥ ¥

wherein R, R, and Ar, X,,, X,, are as described above.

After the alkene 1s obtained it 1s then, photooxidized to
form the stable, triggerable 1,2-dioxetanes hereof. These
dioxetanes can, then, be de-stablized or triggered by reaction
with a base, an acid, enzyme and or 1norganic or organic

catalyst and/or electron donor source 1n the presence or
absence of a fluorescent compound.

For a more complete understanding of the present inven-
tion, reference 1s made to the following non-limiting
examples. In the examples, all parts and percentages are by
weight unless expressly stated to be otherwise.

In supporting the findings reported below, the structures
of the resulting compounds were confirmed by Nuclear
Magnetic Resonance (NMR). NMR spectra were recorded
on a Brucker BZH 230 spectrometer in desired solvents
using tetramethylsilane as an mternal standard. Chemilumi-
nescence kinetics was performed on a Berthold Microplate
Luminometer at room temperature. The purity of the mate-
rials was checked by TLC on a silica gel plate. Melting
points were measured 1n a MEL-TEMPII capillary melting
point apparatus and are uncorrected. All the alkenes were
dissolved 1n a suitable solvent and photo-oxidized by irra-
diation with a 1000 W sodium lamp under bubbled oxygen
at 1ice-water temperature in the presence of polymer-bound
Rose Bengal as reported in the literature.

Following are a series of examples 1llustrating the prepa-
ration of various acridanes in accordance with the present
invention.

Example I

This Example Illustrates the Synthesis of phenyl 10-methyl
(D,) acridan-9-carboxylate

Synthesis of methyl acridin-9-carboxylate (67)

Into a 100 mL round bottom flask equipped with magnetic
stirrer and heating mantle was charged 5 parts of acridin-
9-carboxylic acid hydrate (66) and 35 mL of thionyl chlo-
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ride. The reaction mixture was heated at reflux for 3 hrs and
gave reddish brown solution. Excess thionyl chloride was
removed under reduced pressure and dried under vacuum to
yield golden yellow solid which was dissolved 1n a solution
of 2.82 parts of pyridine 1n 80 mL of dichloromethane under
argon atmosphere and cooled to about 5° C. (ice-water). A
solution of 2 parts of methanol 1n 20 mL of dichloromethane
was added over 10 min to the solution and stirred for 30 min.
The solution was stirred for 20 hrs and washed with 2x100
parts of deiomized water. The organic layer was separated,
dried over anhydrous Na,SO, and filtered. The solution was
concentrated under reduced pressure and purified by column
chromatography on silica gel with 20% ethyl acetate-
hexanes to yield, 4.32 parts of methyl acridin-9-carboxylate.
NMR analysis showed the structure to the methyl acridin-
9-carboxylate.

C—OH

‘ XX Y 1)500k

(2) MeOH, Pyridine i
/ . o /
(66)

O
|
C—OCH;4

(\ T X

=
\/\ N F
(67)

Synthesis of methyl 10-methyl (D)

acridimmum-9-carboxylate trifluoromethanesulionate
(68)

Thereafter 1nto a 100 mL round bottom flask equipped
with magnetic stirrer was charged a solution of 3.75 parts of
the methyl acridin-9-carboxylate in 50 mL of dichlorometh-
ane under argon atmosphere. 5.8 parts of methyl (D)
tritluoromethanesulionate was added to the solution and
stirred for 72 hrs at room temperature. A bright yellow solid
was collected by filtration, washed with 2x5 mL of dichlo-
romethane and air dried for 4 hrs to yield 66, 5.35 parts of
methyl 10-methyl (D;) acridinium-9-carboxyvlate tritluo-
romethanesulionate.

(68)
I
C— OCH,
‘/\ X X
\/\N/ /
(‘ng CE3803
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Synthesis of methyl 10-methyl (D;)
acridan-9-carboxylate (69)

Next, into a 500 mL round bottom flask equipped with
magnetic stirrer, reflux condensor and heating mantle, under >
argon atmosphere, was charged 5.13 parts of the received
acridinium salt (68) 1n 250 mL of ethanol. 19.5 parts NH,Cl]
was added 1n six portions to a hot yellow solution, followed
by 23.6 parts Zn in three portions causing immediate decol-
orization of the solution. The reaction mixture was refluxed
for an additional 45 mins and filtered. The solid was washed
with 2x40 mL of ethanol. The combined filtrate was con-
centrated under reduced pressure and vyield an off-white
solid. The solid was dissolved 1n 150 mL of dichloromethane
and washed with 2x350 mL of deionmized water. The organic
layer was separated, dried over anhydrous Na,SO, and
filtered. The solution was concentrated under reduced pres-
sure and 2.95 parts of methyl 10-methyl (D) acridan-9-
carboxylate. NMR analysis showed the structure to the »g
methyl 10-methyl (D,) acridan-9-carboxylate.

10

15

(69)
H 25
C—O0OCH;4

R

‘ 30

N Ny

35

Synthesis of 10-methyl (D5) acridan-9-carboxylic
acid (70)

Thereafter into 500 mL round bottom flask equipped with
magnetic stirrer, reflux condenser and heating mantle under
argon atmosphere was charged a solution of 2.9 parts of

methyl ester 69 1n 200 mL of methanol. An aqueous solution
of 5.3 N NaOH (9 mL) was added to the hot solution and
heated at reflux for 6 hr. The solution was cooled to room

temperature and concentrated under reduced pressure. The
residue was dissolved i 50 mL of deionized water under an

argon atmosphere. The pH was adjusted to 6.0 with 2.75 mL
of CH,CO,H and dissolved in 100 mL ot dichloromethane.
The organic layer was separated, dried over anhydrous

40

45

Na,SO, and filtered. The solution was concentrated under >
reduced pressure and dried under vacuum to yield 2.45 parts
of 10-methyl (D) acridan-9-carboxylic acid and the struc-
ture was 1dentified by NMR.
55
(70)
O
[
C—OH
60
»
S T
CD; 65
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This 10-methyl (D;) acridan-9-carboxylic acid (70) was
used to prepare different acridanes carboxylates as described
below:

Synthesis of 10-methyl (D) acridan-9-carboxylic
acid chloride (71)

A solution of 0.24 Parts of 10-methyl (D) acridan-9-
carboxylic acid 1n 15 mL of dichloromethane was charged
into a 50 mL round bottom flask round bottom flask
equipped with magnetic stirrer under an argon atmosphere
and cooled tot 5° C. Next 0.76 parts of thionyl chloride was
added to the cold yellow acid solution and stirred for 2 hrs
at the temp below 15° C. The light red brown solution was
then concentrated under reduced pressure and residue dried
for 10 mins under reduced pressure.

(71)
O

C—2Cl

PN

NN N

Synthesis of phenyl 10-methyl (D)
acridan-9-carboxylate (72)

Next, into a 50 mL round bottom flask equipped with
magnetic stirrer under an argon atmosphere was charged a
solution of the acid chloride (71) prepared from above, 0.29
parts ol duisopropylethylamine 1n 10 mL of dichloromethane
and cooled at 5° C. (1ice-water). A solution of 0.0935 parts of
phenol 1n 5 mL of dichloromethane and 1 mL of tetrahy-
drofuran was added to the mixture over 10 min to light
brown acid chloride solution and stirred for 30 min. The
cooling bath was removed and the reaction mixture was
stirred at room temperature for 20 hr. The crude mixture was
purified by column chromatography on silica gel with 20%
cthyl acetate-hexanes to give phenyl 10-methyl (D5) acri-
dan-9-carboxylate (72), yield 0.155 parts, having the fol-
lowing structure confirmed by NMR.

(72)
§
|
C—O CgH;
B
i
CDj;

Example 11

This example illustrates the synthesis of phenyl (D)
10-methyl (D) acridan-9-carboxylate:

The synthesis of phenyl (D.) 10-methyl (D;) acridan-9-
carboxylate 1s achieved by following the same method as 1n
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Example I, using 0.48 parts of acid chlonide (71) and 0.2
parts ol deuterated phenol. The following structure of the
1solated product, 0.275 parts, was confirmed by NMR.

(73)
O
u
C—0 CgDs
Y
P N/ F
|
CD;

Example 111

This example illustrates the synthesis of 2,2,2-Trifluoroethyl
10-methyl (D,) acridan-9-carboxylate:

Following the same method as 1n Example 1,2,2,2-Trii-
luoroethyl 10-methyl (D,) acridan-9-carboxylate was pre-
pared from 0.48 parts of acid chloride (71) and 0.2 parts of
2,2, 2-trifluoroethanol. The following structure of the 1so-

lated product, 0.275 parts, was confirmed by NMR.
(74)

OCH,CF;
C=—=0

T T

F N/ F
|
CD;
Example 1V

This example illustrates the synthesis of phenyl (D)
10-methylacridan-9-carboxylate:

Synthesis of methyl
10-methylacridinium-9-carboxylate
trifluoromethanesulionate (75)

By reacting 4.2 parts of methyl acridin-9-carboxylate in
60 mL of dichloromethane and 6.4 Parts of methyl trifluo-
romethanesulionate, as described 1n Example I, bright yel-
low solid was collected by filtration, washed with 2x35 mL
of dichloromethane and air dried for 6 hr to give, 6.65 parts,
of methyl 10-methylacridimmum-9-carboxylate trifluo-

romethanesulifonate having the following structure.

(75)

+ N

CH; CF;80;

5

10

15

20

25

30

35

40

45

50

55

60

65

)

<
/
\

PN

reduced as described in .
10-methylacridan-9-car

O

40

Synthesis of methyl 10-methylacridan-9-carboxylate
(76)

C—OCH;

R
Vs

~NFH

A solution of methyl 10-methylacridinium-9-carboxylate
trifluoromethanesulfonate (75), 4.25 parts, in methanol 1s
Hxample I to give 3.2 parts of methyl
boxylate and the isolated product
has the following structure confirmed by NMR.

(76)

Synthesis of 10-Methylacridan-9-carboxylic acid

)

O

(77)

C—OH

PN

R

<

Synthesis of 10-Met.

N

chloride 1s treated as described in
10-Methylacridan-9-carboxylic acid chloride.

A solutions of 3.2 parts of methyl ester (76) 1s hydrolyzed
as described i Example I, to give 2.85 parts of 10-Methy-
lacridan-9-carboxylic acid which was confirmed by NMR.

(77)

nylacridan-9-carboxylic acid
chlonide (78)

A solution o1 0.35 parts of 10-methylacridan-9-carboxylic
acid (77) in 20 mL dichloromethane and 1.1 parts of thionyl

Example I, to give

(78)
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Synthesis of phenyl (D-)
10-methylacridan-9-carboxylate (79)

The acid chlonide (78) prepared from above 1s treated with
0.5 parts of diisopropylethylamine in 15 mL of dichlo-
romethane and 0.16 parts of phenol (Dg) mm 5 mL of
dichloromethane and 1 mL of tetrahydrofuran as described
in Example I to yield 0.24 parts of phenyl (D;) 10-methy-

lacridan-9-carboxylate. The structure was confirmed by
NMR as the following.

(79)
O
u
C—OCDs
B
S T
CH,

Example V

This example illustrates the synthesis of 4,4'-biphenyl
10-methylacridan-9-carboxylate (80):

A solution of 0.24 parts of 10-methylacridan-9-carboxylic
acid chloride (78) 1n 10 mL dichloromethane and 0.145 parts
of 4-phenylphenol (76) in 5 mL of dichloromethane and 1
mL of tetrahydrofuran 1s treated as described 1n example 1,
to give 0.21 parts of 4.4'-biphenyl 10-methylacridan-9-
carboxylate. This compound has the following structure.

(80)

\

\/\/K\
NN

Example VI

This example 1llustrates the synthesis of [(4-Methoxy (D;))-
4-(3-hydroxy-4-chlorophenyl)]|spiro[1,2-dioxetane-3,2'-
adamantane]-10-methylacridan-9-carboxylate:

A solution of 0.15 parts of 10-methyl(D;)acridan-9-car-
boxylic acid chloride (78) 1n 6 mL of dichloromethane and
of 0.115 parts of [(4-Methoxy (D;))-4-(3-hydroxy-4-chlo-
rophenyl)]spiro[1,2-dioxetane-3,2'-adamantane] 1 2 mL of
dichloromethane 1s treated as described 1n Example I, to give
0.134 parts of [(4-Methoxy (D,))-4-(3-hydroxy-4-chloro-
phenyl)|spiro[1,2-dioxetane-3,2'-adamantane]-10-methyl-
acridan-9-carboxylate of the following structure confirmed
by NMR.
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(81)

Cl

C=—=0

e VN

AN AN
NN

Example VII

This example 1llustrates the synthesis of [(4-Methoxy (D;)-
4-(3-hydroxy-4-chlorophenyl)]spiro[ 1,2-dioxetane-3,13-tri-
cyclo[7.3.1.0> ]tridec-2,7-ene]-10-methyl(D, )acridan-9-
carboxylate:

A solution of a solution of 0.18 parts of 10-methyl(D;)
acridan-9-carboxyvlic acid chloride (78) and of 0.115 parts of
[(4-Methoxy (D,)-4-(3-hydroxy-4-chlorophenyl)]|spiro[1,2-
dioxetane-3,13-tricyclo[7.3.1.0% Jtridec-2,7-ene] in 2 mL of
dichloromethane 1s treated, as described 1n example I, to
give 0.13 parts of [(4-Methoxy (D,)-4-(3-hydroxy-4-chlo-
rophenyl)]spiro[1,2-dioxetane-3,13-tricyclo[7.3.1.0°"]tri-
dec-2,7-ene]-10-methyl(D;)acridan-9-carboxylate of the
following structure confirmed by NMR.

(81)

/\‘
N

e VNV
N N N

Example VIII

This example 1llustrates the synthesis of 4'-carboxylic acid-
4-biphenyl 10-methylacridan-9-carboxylate:

A solution of a solution of 0.18 parts of 10-methylacridan-
9-carboxylic acid chloride (78) and 0.2 parts of 4'-hydroxy-
4-biphenylcarboxylic acid 1n 1 mL of pyridine 1s treated, as
described i example I, to give 4'-carboxylic acid-4-biphe-
nyl 10-methylacridan-9-carboxylate. 0.11 parts, of the fol-
lowing structure confirmed by NMR.
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(82)
HOOC4</ \>—</ >—o
— — C=—0
‘ N ‘/\
AN N\F
-

Example 1X

This example illustrates the synthesis of [4-(2-propenoic
acid)|phenyl-10-methyl-9-carboxylate:

Following the procedure of Example I, a solution of a
solution of 0.235 parts of 10-methylacridan-9-carboxylic
acid chloride (78) in 15 mL of dichloromethane and 0.22
parts of 4-hydroxycinnamic acid (87) in 1 mL of pyridine 1s
treated to give 0.32 parts of [4-(2-propenoic acid)]phenyl-
10-methyl-9-carboxylate, 0.13 parts, of the following struc-
ture confirmed by NMR.

HOO_CHz(;H{/_\}?

(83)

I,

X AN

LI
L,

Example X

This example illustrates the synthesis of Bis-(1,2-Ethane)
10-methylacridan-9-carboxylate:

First, hydroxyethyl 10-methylacridan-9-carboxylate was
prepared as follows:

Into a 50 mL round bottom flask equipped with magnetic
stirrer and under an argon atmosphere was charged a solu-
tion of 0.305 parts of 10-methylacridan-9-carboxylic acid
(77) mn 15 mL of dichloromethane and cooled to 5° C.
(ice-water). Then, 1.05 parts of thionyl chloride was added
to the cold yellow acid solution and stirred for 1.5 hr at a
temperature below 15° C. The light red brown solution was
concentrated under reduced pressure and the residue was
dried for 15 min to give acid chlonide (78).

Then, 1nto a round bottom flask equipped with magnetic
stirrer and under argon atmosphere was charged a solution
of the acid chlonide (78) prepared from above and 0.3 parts
of dusopropylethylamine 1n 12 mL of tetrahydrofuran. This
mixture was cooled 1n 1ce-water. A solution of 0.51 parts of
cthylene glycol 1n 2 mL of tetrahydrofuran was added to the
cold light brown acid chloride solution and stirred for 30
min. The cooling bath was removed and the reaction mixture
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was stirred for 20 hrs. The crude mixture was purified by
column chromatography on silica gel with 20% ethyl
acetate-hexanes to yield 0.21 parts of the following carbon/
late.

(34)
HOCH,CH,O
C=0
‘/\/ ‘ N
F pZ

N Ny

Thereatter bis-(1,2-Ethane) 10-methylacridan-9-carboxy-
late was prepared from the ester by the following procedure:
Into a 50 mL round bottom flask equipped with magnetic

stirrer under argon atmosphere was charged the solution of
0.127 parts of 10-methylacridan-9-carboxylic acid (74) i 5
ml of dichloromethane and cooled to 5° C. Then 0.4 parts
of thionyl chloride was added to the cold yellow acid
solution and stirred for 2.25 hrs at a temperature below 15°
C. The light red brown solution was concentrated under
reduced pressure and residue dried for 40 min. following the
procedure set forth 1n Example I, the resulting acid chloride
(78) was used to react 0.1 parts of hydroxyethyl ester (84)
in 1 mL of tetrahydrofuran to yield 0.072 parts bis-(1,2-
cthane) 10-methylacridan-9-carboxylate and the following
structure was confirmed by NMR.

(85)
O CH, CH, (‘)
C=—0 C=0
DS
CH3 CH3

Example XI

This example illustrates the synthesis of bis-(1,4-phenoxy)
10-methylacridan-9-carboxylate (91):

First, 4-(tert-butyldimethylsilyloxy)phenol (93) was pre-
pared by the following procedure:

A solution of 2.9 parts of 1imidazole, 1.99 parts of hyd-
roquinone and 3 parts of tert-butyldimethylsilyl chloride in
10 mL of dimethylformamide was stirred at room tempera-
ture for 1 hr 45 min. The reaction was monitored by TLC
showed formation of product. The reaction mixture was
diluted with 50 mL of deionized water and product was
extracted with 2x50 mL of ether. The combined organic
layer was dried over anhydrous Na,.SO, and filtered. The
filtrate was concentrated under reduced pressure and purified
by column chromatography on silica gel with 5% ethyl
acetate-hexanes to yield 2.24 parts 4-(tert-butyldimethylsi-
lyloxy)phenol. NMR was used to confirm the following
structure.
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(86)

/7 \

HO OSiMe,(tBu)

Thereafter 4-(tert-butyldimethylsilyloxy)phenyl acridin-9-
carboxylate was prepared by the following procedure:

A solution of 1.2 parts of 4-silyloxyphenol (86) in 10 mL
ol dichloromethane was treated with acid chloride of acri-
dinium-9-carboxylic acid (66) described 1 example I to
yield 1.6 parts of 4-(tert-butyldimethylsilyloxy)phenyl acri-
din-9-carboxylate having the following structure confirmed
by NMR.

(87)

?—</_\>7081M62(t3u)
| _

()—
‘/\ AN
NP

Then 4-(tert-butyldimethylsilyloxy)phenyl 10-methylacri-
dinium-9-carboxylate trifluoromethanesulfonate was pre-
pared as follows:

Into a 50 mL round bottom flask equipped with magnetic
stirrer under argon atmosphere charged a solution of 1.6
parts of 4-(tert-butyldimethylsilyloxy)phenyl acridin-9-car-
boxylate 1n 25 mL of dichloromethane. 3.2 Parts of methyl

tritluoromethanesulionate was added to the solution and
stirred for 40 hrs at room temperature. Bright yellow solid
was collected by filtration, washed with 2x1 mL of dichlo-

romethane and air dried for 4 hr to yield 1.44 parts of

4-(tert-butyldimethylsilyloxy)phenyl 10-methylacridinium-
9-carboxylate trifluoromethanesulionate having the follow-
ing structure confirmed by NMR.

(88)
(‘)—</ \>—OSiMe2(tBu)
0O=C —
‘ X X
F .
'
CHs CE3507

Thereaiter 4-Hydroxyphenyl 10-methylacridan-9-carboxy-
late was prepared as follows:

Into a 50 mL round bottom flask equipped with magnetic
stirrer, reflux condensor and heating mantle under an argon
atmosphere was charged a solution of 1.42 parts of the
4-(tert-butyldimethylsilyloxy)phenyl 10-methylacridinium-
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9-carboxylate trifluoromethanesulfonate 1n 200 mL of etha-
nol. Then 16 arts NH,Cl was added in five portions, fol-
lowed by 19.3 parts of Zn in five portions to a hot yellow
solutions causing immediate decolorization of the solution.
The reaction mixture was refluxed for 2 hrs and filtered. The
solid was washed with 2x25 mL of ethanol. The combined
filtrate was concentrated under reduced pressure to give
ofl-white solid. The solid was dissolved 1n 250 mL of
dichloromethane and washed with 100 mL of deionized
water. Alter separation the organic layer was dried over
anhydrous Na,SO, and filtered. The solution was concen-
trated under reduced pressure and purified by column chro-
matography on silica gel with 10% ethyl acetate-hexane to
yield 0.76 parts of 4-Hydroxyphenyl 10-methylacridan-9-
carboxylate. The structure was confirmed as:

(89)

~ PN

S

CH;

Thereafter bis-(1,4-phenoxy) 10-methylacridan-9-carboxy-
late was prepared by the following method:

A solution of 0.128 parts of 10-methylacridan-9-carbox-
ylic acid chloride (75) in 8 mL of dichloromethane contain-
ing 0.15 parts of diisopropylethylamine was treated with the
solution of 0.135 parts of 4-hydroxyphenyl acridan ester
(96) 1n 3 mL of dichloromethane as described in example 1
to yield 0.126 parts bis-(1,4-phenoxy) 10-methylacridan-9-
carboxylate and the structure was confirmed by NMR.

A

(90)
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N
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Example XII

This example 1llustrates the synthesis of bis-(1,5-naphthyl)
10-methylacridan-9-carboxylate:

A solution of 0.157 parts of 10-methylacridan-9-carbox-
ylic acid chloride (78) in 10 mL dichloromethane and 0.067
parts of 1,5-dihydroxynaphthol (97) was reacted as
described in Example I, to yield 0.1 parts bis-(1,5-naphthyl)
10-methylacridan-9-carboxylate. The following structure
was confirmed by NMR.
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Following are a series of examples illustrating the prepara-
tion of 1,2-dioxetanes 1n accordance with the present inven-
tion.

Example XIII

This example illustrates the synthesis of [(4-phenoxy)-4-(3-
phosphoryloxy-4-chlorophenyl)]spiro| 1,2-dioxetane-3,13'-
tricyclo[7.3.1.0%]tridec-2,7-ene, disodium salt:

This compound was synthesized by the following proce-

dure:

(a). Synthesis of tert-butyldimethylsilyl
3-tert-butyldimethylsilyloxybenzoate (92)

Into a 500 mL round bottom flask was charged a solution
of 13.95 parts of 4-chloro-3-hydroxy benzoic acid, 33.5
parts of tert-butyldimethylsilyl chloride and 31.3 parts of
imidazole in 31 mL of dry dimethylformamide and stirred at
room temperature for 24 hr. The reaction was monitored by
TLC on a silica gel plate showed formation of product. The
reaction mixture was diluted with 250 mL of deionized
water and the product was extracted with 2x250 mL of
hexanes. The hexanes layer was washed with 3x200 mL
deionized water, dried over anhydrous Na,SO,, and filtered.
The solvent was evaporated under reduced pressure to yield
3’7.6 parts of an oil.

(92)
O

‘/\)J\OSlMﬂg(tBU)

CI/Y

(tBu)Me,SiO
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(b). Synthesis of
3-tert-Butyldimethylsilyloxybenzoic acid

Into a 500 mL round bottom flask, 38 mL of 10% aqueous
NaOH solution was added over 5 min to a solution of 37.6
parts of tert-butyldimethylsilyl 3-tert-butyldimethylsily-
loxybenzoate 1n 185 mL of tetrahydrofuran and the reaction
mixture was stirred for 40 min at room temperature. The
reaction was monitored by TLC on a silica gel plate showed
formation of product. The reaction mixture was concen-
trated under reduced pressure and purified by column chro-
matography on silica gel using 30% ethyl acetate-hexanes to
give an oil, yield 20.3 parts.

(93

X

OH

o N

(tBu)Me,SiO

(c). Synthesis of
3-tert-Butyldimethylsilyloxybenzoyl chlonde

Into a 100 mL round bottom flask a mixture of 5 parts of
3-tert-butyldimethylsilyloxybenzoic acid and 25 mL of thio-
nyl chlornide was heated at reflux for 1 hr 30 min. The
reaction mixture was concentrated under reduced pressure to
yield 5.77 parts of an oil.

(94)

X

Cl

N

Cl

(tBu)Me;, SiO

(d). Synthesis of phenyl
4-chloro-3-tert-butyldimethylsilyloxy benzoate

Into a 250 mL three neck round bottom flask equipped
with magnetic stirrer and pressure-equalizing addition fun-
nel under an argon atmosphere was charged a solution of
5.61 parts of 4-chloro-3-tert-butyldimethylsilyloxybenzoyl
chloride and 2.12 parts of pyridine 1 50 mL of dichlo-
romethane and cooled to 5° C. (ice-water). A solution of 1.82
parts of phenol 1n 25 mL of dichloromethane was added
drop-wise over 20 mins to a cold solution and stirred for
additional 10 mins. The reaction mixture was stirred at room
temperature for 4 hrs. The reaction was monitored by TLC
on a silica gel plate showed formation of product. The
reaction mixture was diluted with 125 mL of dichlorometh-
ane and was washed with 3x100 mL of deionized water. The
organic layer was dried over anhydrous Na,SO, and filtered.
After evaporating the solvent, the crude mixture was puri-
fied by chromatography on silica gel with 10% ethylacetate-
hexanes. The product fractions (TLC) were combined and
evaporated under reduced pressure to give an oil, yield 4.9
parts.
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N

(tBu)Me,SiO

(). Synthesis of (3-tert-butyldimethylsilyloxy-4-
chlorophenyl)phenoxymethylene tricyclo[7.3.1.0°7]
tridec-2,7-ene

Into a 1 L three-neck flask equipped with mechanical
stirrer, reflux condenser and pressure-equalizing addition
funnel under nitrogen atmosphere was charged 150 mL of
anhydrous tetrahydrofuran. 27.6 parts of TiCl, was added
dropwise over 7 min and the suspension was stirred for 8
minutes. Then 22.8 parts of Zn dust was added carefully in
small portions over 10 min to the suspension. The reaction
mixture was heated at reflux for 4 hrs and 90 mL of Et,;N was
added drop-wise over 10 mins. After refluxing the mixture
for 50 mins, a solution of 4.9 parts of phenyl 4-chloro-3-
tert-butyldimethylsilyloxy benzoate and 3.1 parts of ketone
18 1 100 mL anhydrous tetrahydrofuran was added drop
wise over 1 hr 20 mins and refluxed for next 6 hrs. The
mixture was cooled to room temperature and diluted with
500 mL 1:1 mixture of ethyl acetate-hexanes. The mixture
was filtered and the solid was washed with 3x100 mL 1:1
solvent mixture. The combined filtrate was evaporated under
reduced pressure and the crude mixture was purified by
chromatography on a silica gel eluting with an ethyl acetate-
hexane mixture containing 0.25% Et;N. The product frac-
tions (TLC) were combined and evaporated under reduced
pressure to give an oil, yield 2.35 parts.

(96)

(1). Synthesis of
(3-hydroxy-4-chlorophenyl)phenoxymethylene

tricyclo[7.3.1.0> " tridec-2,7-ene

Into a 100 mL round bottom flask 1.62 parts of 75 wt. %
solution of tetrabutylammonium fluoride 1n water was added
over 2 min to a solution of 2.32 parts ol pure (3-tert-
butyldimethylsilyloxy-4-chlorophenyl )phenoxymethylene
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tricyclo[7.3.1.0%Jtridec-2,7-ene in 50 mL of tetrahydro-
furan and stirred at room temperature for 2 hr. The reaction
was monitored by TLC on a silica gel plate showed forma-
tion of product. The reaction mixture was evaporated under
reduced pressure and extracted with 100 mL of dichlo-
romethane. The organic layer was dried over anhydrous
Na,SO, and filtered. The solvent was evaporated under
reduced pressure and crude mixture was purified by chro-
matography on silica gel with 25% ethyl acetate-hexanes
containing 0.25% Et;N. The product fractions (TLC) were
combined and evaporated under reduced pressure to give an
oil, yield 1.62 parts.

Y,
N

(97)

/\‘
N

F

HO

Cl

(2). Synthesis of
(3-phosphoryloxy-4-chlorophenyl)phenoxymethylene
tricyclo[7.3.1.0%"|tridec-2,7-ene, disodium salt

Into a 250 mL three-neck round bottom flask equipped
with magnetic stirrer and pressure equalizing addition funnel
under argon atmosphere was added a solution of 1.79 parts
of phosphorous oxychloride 1n 30 mL of dichloromethane
and cooled to 5° C. Then, a solution of (3-hydroxy-4-
chlorophenyl)phenoxymethylene tricyclo[7.3.1.0%7]tridec-
2,7-ene and 3.3 parts of anhydrous pyridine in 20 mL of
dichloromethane was added to the cold solution over 2 hr 10
min. The reaction mixture was stirred at room temperature
for 3 hrs. The reaction was monitored by TLC on a silica gel
plate and showed formation of a product. The reaction
mixture cooled to 5° C. and a solution of 2.15 parts of
3-hydroxypropionitrile and 3.6 parts of anhydrous pyridine
in 35 mL dichloromethane was added drop wise to the
reaction mixture over 30 mins. The reaction mixture was
stirred for 26 hrs at room temperature and was cooled to 5°
C. for 45 mins and the solid was filtered and washed with
cold 10 mL cold dichloromethane. The solvent was evapo-
rated under reduced pressure and crude mixture was purified
by chromatography on silica gel with 75% ethyl acetate-
hexane containing 0.25% Et,N. The product fractions (TLC)
were combined and the solvent was evaporated under
reduced pressure to give an oil, yield 1.42 parts. The
phosphate ester was dissolved 1 75 mL of acetone and 2.2
mlL of 10% aqueous NaOH solution was added drop wise
over 2 min. Stirring was continued for 2 hrs and the mixture
was diluted with 20 mL of acetonitrile. The solid was filtered
and washed with 5 mL of acetone. The solid material was
crystallized from a methanol and acetone mixture. The solid
was filtered, washed with 5 mL acetone and dried, vield 1.1
parts.
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(98)

(h). Synthesis of [(4-phenoxy)-4-(3-phosphoryloxy-
4-chlorophenyl)|spiro[1,2-dioxetane-3,13'-tricyclo
[7.3.1.0%"|tridec-2,7-ene, disodium salt

Disodium phosphate ester of (3-phosphoryloxy-4-chloro-
phenyl)phenoxymethylene  tricyclo[7.3.1.0%]tridec-2,7-
ene, disodium salt was photo-oxidized as reported described
to give [(4-phenoxy)-4-(3-phosphoryloxy-4-chlorophenyl)]
spiro[1,2-dioxetane-3,13'-tricyclo[7.3.1.0%"|tridec-2,7-ene,
disodium salt.

(99)

\O
X
Na* _O\ ‘
a
O=P—O/ \K
A
Na" O Cl
Example XIV

This example illustrates the synthesis of [4-(4-chlorophe-
noxy )-4-(3-phosphoryloxy-4-chlorophenyl)]spiro[1,2-diox-
etane-3,13'-tricyclo[7.3.1.0%"Jtridec-2,7-ene, disodium salt:
This compound was synthesized by the following procedure:

(a). Synthesis of 4-Chlorophenyl
4-chloro-3-tert-butyldimethylsilyloxy benzoate

A solution of 5.75 parts of 4-chloro-3-tert-butyldimeth-
ylsilyloxybenzoyl chloride and 2.15 parts of pyridine 1n 50
mL of dichloromethane and 2.52 parts of 4-chlorophenol in
25 mL of dichloromethane was treated as described in
example XIII (d) to give an oil, yield 5.5 parts and the
following structure was confirmed by NMR.
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(b) Synthesis of (3-tert-butyldimethylsilyloxy-4-
chlorophenyl) 4-chlorophenoxymethylene tricyclo
[7.3.1.0%"]tridec-2,7-ene

Similar method was used by using 5.3 parts of 4-Chloro-
phenyl 4-chloro-3-tert-butyldimethylsilyloxy benzoate and
3.25 parts of ketone 18 1n 75 mL anhydrous tetrahydrofuran
as described i example XIII (e) to give an oil, yield 2.4
parts. NMR spectrum was 1n agreement with the following
structure.

(101)

(Sl

x

F

(tBu)Me,SiO

Cl

(c). Synthesis of (3-hydroxy-4-chlorophenyl)
4-chlorophenoxymethylene
tricyclo[7.3.1.0%"]tridec-2,7-ene

For the removal of siloxy group 1.6 parts of 75 wt. %
solution of tetrabutylammonium fluoride 1n water was added
over 2 min to a solution of 2.38 parts of (3-tert-butyldim-
cthylsilyloxy-4-chlorophenyl) 4-chlorophenoxymethylene
tricyclo[7.3.1.0%Jtridec-2,7-ene in 40 mL of tetrahydro-
furan and stirred at room temperature for 2 hrs. After work
up as described 1n example XIII (1) obtained an oi1l, yield
1.53 parts having the following structure confirmed by
NMR.

(102)

(Sl
X

F

HO

Cl

(d). Synthesis of (3-phosphoryloxy-4-chlorophenyl)
4-chlorophenoxymethylene

tricyclo[7.3.1.0%"]tridec-2,7-ene, disodium salt was
achieved by following the method, as described in Example
XIII (g), In this reaction 1.5 parts of the (3-hydroxy-4-
chlorophenyl) 4-chlorophenoxymethylene tricyclo[7.3.1.
0 )tridec-2,7-ene and 1.35 parts of (3-phosphoryloxy-4-
chlorophenyl) 4-chlorophenoxymethylene tricyclo[7.3.1.
0=’|tridec-2.7-ene, disodium salt was obtained and the
following structure was confirmed by NMR.
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(103)
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(e). Synthesis of [4-(4-chlorophenoxy)-4-(3-phos-
phoryloxy-4-chlorophenyl)|spiro[1,2d1oxetane-3,13'-
tricyclo[7.3.1.0>]tridec-2,7-ene, disodium salt

On photo-oxidation as described above, (3-phosphory-
loxy-4-chlorophenyl)  4-chlorophenoxymethylenetricyclo
[7.3.1.0°7]tridec-2,7-ene, disodium salt gave [4-(4-chloro-
phenoxy)-4-(3-phosphoryloxy-4-chlorophenyl)|spiro[1,2-
dioxetane-3,13'-tricyclo[7.3.1.0% " |tridec-2,7-ene, disodium
salt, correspond to the formula:

7 _<\_%

(104)

B
+ _O
Na \
O=P—O/ Y
-/
Nat © Cl
Example XV

This example 1llustrates the synthesis of [4-(2,4,6-Trichlo-
rophenoxy)-4-(3-phosphoryloxy-4-chlorophenyl)]spiro[1,2-
dioxetane-3,13'-tricyclo[7.3.1.0%"|tridec-2,7-ene, disodium
salt:
This compound was synthesized by the following procedure:
By using 2.4,6-trichlorophenol as a starting matenal, the
synthesis of [4-(2.,4,6-Trichlorophenoxy)-4-(3-phosphory-
loxy-4-chlorophenyl)|spiro| 1,2-dioxetane-3,13'-tricyclo
[7.3.1.0>"tridec-2,7-ene, disodium salt was achieved by
following steps (a) to (e) of Example XIV. The following
structure was confirmed by NMR.
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Example XV]I

This example illustrates the synthesis of [4-Methoxy-4-(3-
phosphoryloxy-4-cyanophenyl)]spiro[1,2 dioxetane-3,13'-
tricycle[7.3.1.0*"]tridec-2,7-ene, disodium salt:

This compound was synthesized by the following procedure:

(a). Synthesis of Methyl
4-cyano-3-hydroxybenzoate

Into a 1000 ml round bottom flask 5 mL of concentrated
sulfuric acid was added to a solution of 31.32 parts of
4-cyano-3-hydroxybenzoic acid in 500 mL of methanol and
the solution was heated at reflux for 17 hrs. The reaction was
monitored by TLC on silica gel plates showed formation of
product. The solvent was evaporated under reduced pressure
and residue was dissolved in 250 mL of ethyl acetate. The
organic layer was washed with 2x100 mL of 5% aqueous
sodium bicarbonate solution followed by 250 mL of deion-
ized water. The organic solvent dried over anhydrous
Na,SO, and filtered. The solvent was evaporated under
reduced pressure and the reaction mixture was purified by
chromatography on silica gel with 25% ethyl acetate-
hexanes. The product fractions (TLC) were combined and

solvent was evaporated under reduced pressure to give
ofl-white solid, vield 26.3 parts.

OH
CH;0H

-
H,SO,

NC

OH

(124)
0O

‘/\)J\OCHg

X
NC/\‘/
OH

(125)

(b). Synthesis of methyl
4-cyano-3-silyloxybenzoate

Into a 500 mL round bottom flask 26 parts of methyl
4-cyano-3-hydroxybenzoate, 23.2 parts of tert-butyldimeth-
ylsilyl chloride and 23 parts of imidazole were dissolved in
35 mL of dry dimethyliormamide and stirred at room
temperature for 24 hrs. The reaction was monitored by TLC
on a silica gel plate showed formation of product and diluted
with 350 mL of deionized water. The product was extracted
with 2x250 mL of hexanes. The organic layer was washed
with 3x200 mL deionized water, dried over anhydrous
Na,SO, and filtered. The solvent was evaporated under
reduced pressure and mixture was purified by chromatog-
raphy on silica gel with 5% ethyl acetate-hexanes to give an
oil, yield 42 parts.
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(c). Synthesis of
(3-silyloxyoxy-4-cyanophenyl)methoxymethylene
tricyclo[7.3.1.0%"Jtridec-2,7-ene

Into a 1 L three-neck flask equipped with mechanical
stirrer, reflux condenser and pressure-equalizing addition
funnel under nitrogen atmosphere was charged 100 mL of
anhydrous tetrahydrofuran. Then 21.93 parts of TiCl, was
added drop wise over 25 min and the suspension was stirred
for 10 min. Now 18.44 parts of Zn dust was added caretully
in small portions over 25 min to the suspension. The reaction
mixture was heated at retlux for 4 hr 30 min and 353 mL of

Et,N was added drop wise over 10 minutes. After refluxing

the reaction mixture for 1 hr, solution of 4.2 parts of methyl
4-cyano-3-silyloxybenzoate and 3.86 parts of ketone 18 1n
250 mL anhydrous tetrahydrofuran was added drop wise
over 2 hr 35 min. After 10 min a solution of 0.6 parts of
ketone 19 1n 5 mL tetrahydrofuran added over 30 min and
refluxed for 6 hrs. The reaction mixture was cooled to room
temperature and diluted with 150 mL of 1:1 mixture of ethyl
acetate-hexanes. The mixture was filtered and the solid was
washed with 3x25 mL 1:1 solvent mixture. The combined
filtrate was evaporated under reduced pressure and mixture
was purified by chromatography on silica gel with ethyl
acetate-hexanes mixture containing 0.25% Et;N. The prod-
uct fractions (TLC) were combined and evaporated under
reduced to oi1l, yield 4.95 parts of (3-silyloxyoxy-4-cyano-
phenyl)methoxymethylene  tricyclo[7.3.1.0%]tridec-2,7-
ene.

(109)

/\‘
N

(tBu)Me,SiO

CN

(d). Synthesis of
(3-Hydroxy-4-cyanophenyl)methoxymethylene
tricyclo[7.3.1.0> " tridec-2,7-ene

Into a 220 mL round bottom flask 3.81 parts of 75 wt. %
solution of tetrabutylammonium fluoride 1n water was added
over 15 min to a solution of 4.92 parts of (3-silyloxyoxy-
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4-cyanophenyl)methoxymethylene  tricyclo[7.3.1.0%]tri-
dec-2,7-ene 1n 50 mL of tetrahydrofuran and stirred at room
temperature for 2 hr. The reaction mixture was evaporated
under reduced pressure and residue was extracted with 1 L
of methylene chloride. The organic layer dried over anhy-
drous Na,SO, and filtered. The solvent was evaporated
under reduced pressure and residual mixture was purified by
chromatography on silica gel with 23% ethyl acetate-
hexanes contaiming 0.25% Et,N. The product fractions
(TLC) were combined and evaporated under reduced pres-
sure to give an oil, yield 33.7 parts (3-Hydroxy-4-cyano-
phenyl)methoxymethylene  tricyclo[7.3.1.0%|tridec-2,7-
ene.

(110)

OCHj;

X

AN
HO 7

CN

(). Synthesis of (3-phosphoryloxy-4-cyanophenyl)
methoxymethylene[7.3.1.0°]tricyclo tridec-2,7-ene,
disodium salt

Into a 3 mL three-neck round bottom flask equipped with
mechanical stirrer and pressure equalizing addition funnel
under nitrogen atmosphere was added solution of 5.04 parts
of phosphorous oxychloride in 300 mL of dichloromethane
and cooled to 5° C. A solution of 3.56 parts of (3-Hydroxy-
4-cyanophenyl)methoxymethylene  tricyclo[7.3.1.0% " ]tri-
dec-2,7-ene and 9.09 parts of anhydrous pyridine 1n 25 mL
ol dichloromethane was added to the cold solution over 4
hrs. The reaction mixture was stirred at room temperature
for 3 hrs. The reaction mixture cooled to 5° C. and a solution
of 5.82 parts of 3-hydroxypropionitrile and 6.47 parts of
anhydrous pyridine 1n 250 mL dichloromethane was added
drop wise to the reaction mixture over 45 min. The reaction
mixture was stirred for 48 hrs at room temperature and
cooled to 5° C. for 1 hr 15 min. The mixture was filtered and
washed with cold 25 mL dichloromethane. The solvent was
evaporated under reduced pressure and mixture was purified
by chromatography on silica gel with 75% ethyl acetate-
hexane containing 0.25% Et;N. The product fractions (TLC)
were combined and the solvent was evaporated under
reduced pressure gave pure phosphate ester as an oi1l, yield
2.46 parts. The phosphate ester was dissolved 1n 100 mL of
acetone and 2.36 mL of 20% aqueous NaOH solution was
added drop wise over 15 min. Stirring was continued for 2
hr and the mixture was diluted with 400 mL of acetonitrile.
The solid was filtered and washed with 2x50 mL of acetone.
The solid material was crystallized from a methanol and
acetone mixture. The solid was filtered, washed with 2x25
ml. acetone and dried to give 2.02 parts of (3-phosphory-
loxy-4-cyanophenyl)methoxymethylene[7.3.1.0>/]tricyclo
tridec-2,7-ene, disodium salt.
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(1). Synthesis of [4-Methoxy-4-(3-phosphoryloxy-4-
cyanophenyl)|spiro[1,2 dioxetane-3,13'-tricyclo
[7.3.1.0%"]tridec-2,7-ene, disodium salt (123)

A solution of (3-phosphoryloxy-4-cyanophenyl)
methoxymethylene[7.3.1.0%"Jtricyclo tridec-2,7-ene, diso-
dium salt 1n methanol and methylene chloride mixture was
photo-oxidized as described above to give [(4-methoxy-4-
(3-phosphoryloxy-4-cyanophenyl)|spiro[ 1,2-dioxetane-3,
13'-tricycle[7.3.1.0*]tridec-2,7-ene], disodium salt.

(112)

Example XVII

This example illustrates the synthesis of [(4-methoxy (D,)-
4-(3-phosphoryloxy-4-cyanophenyl)]spiro[1,2-dioxetane-3,
2'-5-chloroadamantane], disodium salt:

This compound was synthesized by the following procedure:

(a). Synthesis of Methyl(D;)
4-cyano-3-hydroxybenzoate

Into a 100 mL round bottom flask 0.5 mL of concentrated
sulfuric acid was added to a solution of 3.1 parts of 4-cyano-
3-hydroxybenzoic acid 1n 50 mL of CD,0OD and the solution
was heated at retlux for 17 hrs. The reaction was monitored
by TLC on silica gel plates showed formation of product.
The solvent was evaporated under reduced pressure and
residue was dissolved in 25 mL of ethyl acetate. The organic
layer was washed with 2x100 mL of 5% aqueous sodium
bicarbonate solution followed by 250 mL of deionized
water. The organic solvent dried over anhydrous Na,SO,
and filtered. The solvent was evaporated under reduced
pressure and the reaction mixture was purified by chroma-
tography on silica gel with 25% ethyl acetate-hexanes. The
product fractions (TLC) were combined and solvent was

evaporated under reduced pressure to give ofl-white solid,
yield 2.6 parts of the following structure.
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(113)
0

‘/\)‘I\OCD3

X
NC/Y
OH

The synthesis of [(4-methoxy (D, )-4-(3-phosphoryloxy-
4-cyanophenyl)]spiro[ 1,2-dioxetane-3,2'-5-chloroadaman-
tane], disodium salt was achieved by following steps (b) to
(1) as described 1n Example XVI. In step (¢) 5-chloro-2-
adamantanone was used and other conditions were similar.
The 1solated yield was 3.02 parts of the following structure

confirmed by NMR.

(114)

Example XVIII

This example illustrates the synthesis of [(4-methoxy (D;)-
4-(3-phosphoryloxy-4-cyanophenyl)|spiro[ 1,2-dioxetane-3,
2'-5-methoxyadamantane], disodium salt:

This compound was synthesized by the following procedure:

(a) Synthesis of (3-hydroxy-4-cyanophenyl)
methoxy (D;) methylene-5-methoxyadamantane

Into a 1 L three-neck flask equipped with mechanical
stirrer, reflux condenser and pressure-equalizing addition
funnel under nitrogen atmosphere was charged 250 mL of
anhydrous tetrahydrofuran. Then 40.1 parts of TiCl, was
added drop wise over 7 min and the suspension was stirred
for 8 min. Now 36.3 parts of Zn dust was added carefully 1n
small portions over 15 min to the suspension. The reaction
mixture was heated at reflux for 4 hr 30 min and 108 mL of
Et,N was added drop wise over 10 minutes. After refluxing
the reaction muxture for 1 hr, a solution of 8.2 parts of
Methyl(D,) 4-cyano-3-hydroxybenzoate and 5.03 parts of
S-methoxy-2-adamantanone 1 125 mlL anhydrous tetrahy-
drofuran was added drop wise over 75 min and refluxed for
6 hrs. The mixture was cooled to room temperature and
diluted with 500 mL ethyl acetate. The mixture was filtered
and the solid was washed with 2x100 mL ethyl acetate. The
combined {iltrate was evaporated under reduced pressure
and the mixture was purified by chromatography on silica
gel with 10% ethyl acetate-hexanes contaiming 0.25% Et;N.
The product fractions (TLC) were combined and evaporated
under reduced to give an oil, yield 10.5 parts of the follow-
ing alkene structure confirmed by NMR.
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(115)
,77“x\ OCD;
.
i} .
CH;0O
HO

(b). Synthesis of (3-phosphoryloxy-4-cyanophenyl )methoxy
(D,) methylene-5-methoxyadamantane, disodium salt was
achieved, as described 1n Example XVI step (e) to give 5.6
parts of the following structure confirmed by NMR.

(116)

OCD;
;~ X
-~ |
. 2N x
CH;O \
O=—P—0
/
Na®™ O

(c). Synthesis of [(4-methoxy (D,)-4-(3-phosphory-
loxy-4-cyanophenyl)]spiro| 1,2-dioxetane-3,2'-5-
methoxyadamantane], disodium salt

The disodium phosphate salt of (3-phosphoryloxy-4-cya-
nophenyl)methoxy (D,) methylene-5-methoxyadamantane
was photo-oxidized as described above to give [(4-methoxy
(D, )-4-(3-phosphoryloxy-4-cyanophenyl)|spiro[1,2-dioxet-
ane-3,2'-5-methoxyadamantane], disodium salt:

(117)

Example XIX

This example 1llustrates the synthesis of [(4-methoxy (ID3)-
4-(3-phosphoryloxy-4-cyanophenyl)]spiro[1,2-dioxetane-3,
13'-tricycle[7.3.1.0> tridec-2,7-ene, disodium salt:

This compound was synthesized by the following procedure:

(a). Synthesis of (3-hydroxy-4-cyanophenyl)
methoxy (D,) methylene tricyclo[7.3.1.0%]tridec-2,
7-ene

A similar procedure was used by using 10.28 parts of the
methyl(D,)-3hydroxy-4-cyanobenzoate and 7.5 parts of tri-
cyclo[7.3.1.0> ]tridec-2,7-ene-13-one as described in
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Example XVIII step (a) to give an o1l, 6.2 parts of the
following structure confirmed by NMR.

(118)

/\‘
N

CN

OH

(b) Synthesis of (3-phosphoryloxy-4-cyanophenyl )methoxy
(D,) methylene tricyclo[7.3.1.0%"]tridec-2,7-ene, disodium
salt was achieved as described in Example XVI step (e)
using 6.2 parts of (3-hydroxy-4-cyanophenyl) methoxy (D;)
methylene tricyclo[7.3.1.0%"]tridec-2,7-ene to give 3.8 parts
of the following structure confirmed by NMR.

(119)

. -0CD;
I
Na® O 7 CN
\
O—P—0O
Na" 'O/

(c). Synthesis of [(4-methoxy (ID3)-4-(3-phosphory-
loxy-4-cyanophenyl)]spiro[1,2-dioxetane-3,13'-tricy-
clo[7.3.1.0% tridec-2,7-ene, disodium salt

Disodium phosphate salt, 3.8 parts, of (3-phosphoryloxy-
4-cyanophenyl) methoxy (D;) methylene tricyclo[7.3.1.
0>/tridec-2,7-ene was photo-oxidized as reported above to
give [(4-methoxy (D3)-4-(3-phosphoryloxy-4-cyanophe-
nyl)]spiro[1,2-dioxetane-3,13'-tricyclo[7.3.1.0>"]tridec-2,7-
ene, disodium salt.

(120)

/\‘
N
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Example XX

This example illustrates the synthesis of bis{[(4-methyl-
enoxy )-4-(3-phosphoryloxyphenyl)|spiro[ 1,2-dioxetane-3,
2'-adamantane], disodium salt};

This compound was synthesized by the following procedure:

(a). Synthesis of tert-Butyldimethylsilyl
3-tertbutyldimethylsilyloxybenzoate

Into a 500 mL round bottom flask 13.95 parts of 3-hy-
droxy benzoic acid, 33.5 parts of tert-butyldimethylsilyl
chloride and 31.3 parts of 1imidazole were dissolved 1n 31
mL of dry dimethylformamaide and stirred at room tempera-
ture for 22 hrs. The reaction mixture was diluted with 300
ml. of deionized water and the product was extracted with
2x250 mL of hexanes. The hexanes layer was washed with
3x200 mL deionized water, dried over anhydrous Na,SO,
and filtered. The solvent was evaporated under reduced
pressure to give an oil, vield 37.6 parts of the following
structure confirmed by NMR.

(121)

X
F

OSiMe;(tBu)

(tBu)Me,SiO

(b). Synthesis of
3-tert-Butyldimethylsilyloxybenzoic acid

Into a 500 mL round bottom flask 38 mL of 3% aqueous
NaOH solution was added over 5 min to a solution of 37.6
parts of tert-butyldimethylsilyl 3-tert-butyldimethylsilyloxy
benzoate 1 185 mL of tetrahydrofuran and the reaction
mixture was stirred for 10 min at room temperature. The
reaction was monitored by TLC on a silica gel plate showed
formation of product. The reaction mixture was concen-
trated under reduced pressure and purified by column chro-
matography on silica gel with 30% ethyl acetate-hexane to
yield 20.3 parts of an oily product having the following
structure confirmed by NMR.

(122)

X
F

OH

(tBu)Me;SiO

(c). Synthesis of
3-tert-Butyldimethylsilyloxybenzoyl chlonde

Into a 100 mL round bottom flask a mixture of 5 parts of
3-tert-butyldimethylsilyloxybenzoic acid and 25 mL of thio-
nyl chloride was heated at reflux for 90 mins. The reaction
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mixture was concentrated under reduced pressure to give an
oil, yield 3.77 parts of the following structure.

(123)
0O

‘/\)J\a

he

(tBu)Me, SiO

(d). Synthesis of bis[methylenoxy
3-tert-butyldimethylsilyloxy benzoate]

Into a 100 ml three neck round bottom flask equipped with
magnetic stirrer and pressure-equalizing addition funnel
under an argon blanket was charged a solution containing
0.617 parts of ethylene glycol and 2.38 parts of pyridine 1n
10 mL dichloromethane and cooled to 5° C. A solution of
5.77 parts of 3-tert-butyldimethylsilyloxybenzoyl chloride
in 25 mL of dichloromethane was added drop wise over 20
min to a cold solution and stirred for additional 30 mins. The
reaction mixture was stirred at room temperature for 20 hrs.
The reaction was monitored by TLC on silica gel plate
showed formation of product. The reaction mixture was
diluted with 50 mL of dichloromethane and washed with
3x50 mL of deionized water. The organic layer was sepa-
rated, dried over anhydrous Na,SO,, and filtered. The solvent
was evaporated under reduced pressure and mixture was
purified by chromatography on silica gel with 5% ethylac-
ctate-hexane. The product fractions (TLC) were combined
and evaporated under reduced pressure to give an o1l, yield
2.9 parts of the following structure confirmed by NMR.

(124)
0—CH,CH,—O

(‘2=0 C=0
"N )
PaN ™

(tBu)Me,SiO OSiMe(tBu)

(e). Synthesis of bis-[(3-tert-butyldimethylsilyloxy-
phenyl)methylenoxymethylene adamantane]

Into a 2 L three-neck flask equipped with mechanical
stirrer, reflux condenser and pressure-equalizing addition
funnel under nitrogen atmosphere was charged 200 mL of
anhydrous tetrahydroturan. 44.2 parts of TiCl, was added
drop wise over 10 min and the suspension was stirred for 5
min. Then 36.4 parts of Zn dust was added carefully in small
portions over 20 min to the suspension. The reaction mixture
was heated at reflux for 4 hrs and 115 mL of Et;N was added
over 10 min. After refluxing the mixture for 1 hr, a solution
of 5.27 parts of bis[methylenoxy 3-tert-butyldimethylsily-
loxy benzoate] and 3.52 parts of 2-adamantanone 1n 100 mL
anhydrous tetrahydrofuran was added drop wise over 1 hr.
After 10 min additional 0.8 parts of 2-admantanone in 20

L. anhydrous tetrahydrofuran was added drop wise over 30
min. After refluxing for 6 hrs, the mixture was cooled to
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room temperature and diluted with 400 mL of 1:1 mixture of
cthyl acetate-hexanes. The mixture was filtered and the solid
was washed with 3x125 mL 1:1 mixture. The combined
filtrate was evaporated under reduced pressure and mixture
was purified by chromatography on silica gel with hexanes-
cthyl acetate mixtures containing 0.25% Et;N. The product
fractions (TLC) were combined and evaporated under
reduced pressure to give an oil, yield 6.84 parts of the
following structure confirmed by NMR.

(125)
O——CH,CH,——O

X
F

=
A

(tBu)yMe;510 OSiMe>(tBu)

(1). Synthesis of
bis[(3-hydroxyphenyl)methylenoxymethylene
adamantane]

Into a 250 mL round bottom flask 6.82 parts of 75 wt. %
solution of tetrabutylammonium fluoride 1n water was added
over 10 min to a solution of 6.63 parts of bis-[(3-tert-
butyldimethylsilyloxyphenyl)methylenoxymethylene ada-
mantane] 1 65 mL of tetrahydrofuran and stirred at room
temperature for 2 hr. The reaction was monitored by TLC on
a silica gel plate showed formation of product. Solvent was
evaporated under reduced pressure and residue was
extracted with 150 mL dichloromethane. The organic layer
was separated, dried over anhydrous Na,SO, and filtered.
The solvent was evaporated under reduced pressure and
solid was purified by chromatography on silica gel with
cthyl acetate-hexanes mixtures. The product fractions (TLC)
were combined and evaporated under reduced pressure to

give white solid, yield 4.87 parts of the following structure
confirmed by NMR.

(126)
O0——CH,CH,——O

X
F

=
AN

HO OH

(2). Synthesis of
bis[(3-phosphoryloxyphenyl)methylenoxymethylene
adamantane, disodium salt]

Into a 1 L three-neck round bottom flask equipped with
magnetic stirrer and pressure-equalizing addition funnel
under nitrogen atmosphere was added solution of 8.13 parts
of phosphorous oxychloride 1n 50 mL of dichloromethane
and cooled to 5° C. A solution of 4.72 parts of bis[(3-
hydroxyphenyl)methylenoxymethylene adamantine] and
14.61 parts of anhydrous pyridine i 100 mL of dichlo-
romethane was added to the cold solution over 2 hrs. The
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reaction mixture was stirred at room temperature for 3 hrs.
The reaction was monitored by TLC on a silica gel plate
showed formation of product. The reaction mixture cooled
to 5° C. and a solution of 9.35 parts of 3-hydroxypropioni-
trile and 10.4 parts of anhydrous pyridine mn 50 mL dichlo-
romethane was added drop wise to the reaction mixture over
30 mins. The reaction mixture was stirred for 16 hrs at room
temperature and was cooled to 5° C. for 30 min and the solid
was filtered and washed with cold 15 mL dichloromethane.
The solvent was evaporated under reduced pressure and
mixture was purified by chromatography on silica gel with
75% ethyl acetate-hexane containing 0.25% Et,N. The prod-
uct fractions (ITLC) were combined and the solvent was
evaporated under reduced pressure to give an oil, yield 5.13
parts. The phosphate ester was dissolved mm 250 ml of
acetone and 5.2 mL of 10% aqueous NaOH solution was
added drop wise over 10 min. Stirring was continued for 2
hrs and the mixture was diluted with 25 mL of acetonitrile.
The solid was filtered and washed with 5 mL of acetone. The
solid was crystallized from methanol and acetone mixture.
The solid was filtered, washed with 5 ml. acetone and dried
to yield 4.3 parts of the following structure confirmed by

NMR.

(127)
O——CH,CH,——O

=z ‘
\ )
(O™Na
\
O=—P—0 O O
"/
Na'" O O
Na©

(h). Synthesis of Bis{[(4-methylenoxy)-4-(3-phos-
phoryloxyphenyl)]|spiro[1,2-dioxetane-3,2'-adaman-
tane], disodium salt} (146)

The disodium phosphate salt of bis[(3-phosphoryloxyphe-
nyl)methylenoxymethylene adamantine] was photo-oxi-
dized as described above gave bis{[(4-methylenoxy)-4-(3-
phosphoryloxyphenyl)]spiro[1,2-dioxetane-3,2'-
adamantane], disodium salt} of the following structure
confirmed by NMR.

(128)

Example XXI

This example illustrates the synthesis of bis-{[(4-methyl-
enoxy)-4-(3-phosphoryloxy-4-cholorophenyl)]spiro[ 1,2-d1-
oxetane-3,2'-adamantane], disodium salt}:
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This compound was synthesized by following the procedure
of steps (a) to (h) of Example XX but therein 3-hydroxy-
4chlorobenzoic acid was as the starting acid. The following
structure of the product was assigned by NMR.

(129)

O—0O
CH,—0O
/ ‘
\
O™ Na"
\ Cl /
O=—=P—0 O—P=0
/ \
Na 0O O
Na

Example XXII

This example illustrates the synthesis of bis-{[(4-methoxy)-
4-(3-phosphoryloxy-4-cholorophenyl)]spiro[1,2-dioxetane-
3,2'-5-chloroadamantane], disodium salt}:

This compound was synthesized by following the procedure

of steps (a) to (h) of Example XX but using 3-hydroxy-4-
chlorobenzoic acid 1n place of 3-hydroxybenzoic acid and 1n

step (e) using S-chloro-2-adamantanone as the reactant in

-

T'he following structure of the

place of 2-adamantanone.
product was assigned by NMR.

(130)

Example XXIII

Synthesis of bis{[(4-methoxy)-4-(3-phosphoryloxy-
4-chlorophenyl)]spiro[ 1,2-dioxetane-3,13'-tricyclo
[7.3.1.0%tridec-2,7-ene], disodium salt} (165)

This compound was synthesized using the procedure of
steps (a) to (h) of Example XX but using 3-hydroxy-
4chlorobenzoic acid in place of 3-hydroxybenzoic acid and
tricyclo[7.3.1.0%"]tridec-2,7-ene-13-one (18) was the reac-
tant 1n place of 2-adamantanone. The following structure of
the product was assigned by NMR.
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Example XXIV

Synthesis of bis[{(4-methoxy(D3)-4-(3-phosphory-
loxy-4-chlorophenyl) }spiro {1,2-dioxetane-3,2'-(5-
oxy-adamantane)}, disodium salt] methane

This compound was synthesized by the following procedure:

(a). Synthesis of
bis-[5-oxy-adamantan-2-one|methane

Into 1 L three neck flask equipped with magnetic stirrer,
pressure-equalizing addition funnel and reflux condensor
under nitrogen atmosphere, 12.7 parts of sodium hydride
(60% dispersion 1n mineral oil) was mixed with 125 mL of
hexane and stirred for 3 mins. Stirring was stopped for 5 min
and hexane decanted off. This process was repeated with
additional 2x125 mL hexane and suspended 1n 125 mL of
anhydrous tetrahydrofuran. Then 43 parts of 5-hydroxy-2-
adamantanone was added portion wise over 2 min and the
reaction mixture was heated at retlux for 90 mins. After the
reaction mixture was cooled to room temperature and 62
parts of chloroiodomethane was added at once and the
reaction mixture was heated at reflux for 22 hrs. The reaction
mixture was cooled to 30° C. and 23.8 parts chlor-
olodomethane was added at once and heated at reflux for 48
hrs. The solution was cooled to room temperature and
concentrated under reduced pressure and residue was
extracted with 350 mL of dichloromethane. The organic
layer was dried over anhydrous Na,SO, and filtered. The
solvent was evaporated under reduced pressure and the
mixture was purified by chromatography on silica gel with
20% ethyl acetate-hexanes. The product fractions (TLC)
were combined and solvent was evaporated under reduced
pressure to give 12.72 parts of a white solid of the following
structure confirmed by NMR.

O——CH,—0

(132)

(b). Synthesis of bis[(3-hydroxy-4-chlorophenyl)
methoxy(D3 )methyleneS-oxy-adamantane|methane

Into a 2 L three-neck flask equipped with mechanical
stirrer, reflux condenser and pressure-equalizing addition
funnel under nitrogen atmosphere was charged 250 mL of
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anhydrous tetrahydrofuran. 45.9 parts of TiCl, was added
drop wise over 10 min and the suspension was stirred for 10

min. Then 40.3 parts ol Zn dust was added carefully 1n small
portions over 15 min to the suspension. The reaction mixture

was heated at reflux for 4 hrs and 30 mins and 115 ml. of 3

Et,N was added drop wise over 10 minutes. After refluxing
the mixture for 45 mins, solution of 7.85 parts of methyl
4-chloro-3-hydroxybenzoate and 4.1 parts ol bis-[5-0xy-
adamantan-2-one|methane 1 125 mL anhydrous tetrahydro-
turan was added drop wise over 2 hrs and refluxed for 6 hrs.
The mixture was cooled to room temperature and diluted
with 500 mL of ethyl acetate. The reaction mixture was
filtered and the solid was washed with ethyl acetate. The
combined {filtrate was evaporated under reduced pressure

and the mixture was purified by chromatography on silica
gel with ethyl acetate-hexanes mixture containing 0.25%
Et,N. The product fractions (ITLC) were combined and
evaporated under reduced pressure to give an oil, yield 2.94
parts of the following structure confirmed by NMR.

(133)

CD;0 OCD;

Cl

O—CHy,—0
OH 2 OH

(c). Synthesis of bis-[(3-phosphoryloxy-4-chloro-
phenyl)methoxy(D3 )methylene-3-oxy-adamantane,
disodium salt] methane

Into a 500 mL three-neck round bottom flask equipped
with magnetic stirrer and pressure equalizing addition funnel
under nitrogen atmosphere was added solution of 2.86 parts
ol phosphorous oxychloride 1n 30 mL of dichloromethane
and cooled to 5° C. A solution of 2.04 parts of bis-[(3-
hydroxy-4-chlorophenyl ) methoxy(D3)methylene5-oxy-
adamantane|methane and 5.15 parts of anhydrous pyridine
in 45 mL of dichloromethane was added to the cold solution
over 2 hrs. The reaction mixture was stirred at room tem-
perature for 3 hr. The reaction was monitored by TLC on a
silica gel plate showed formation of product. The reaction
mixture cooled to 5° C. (ice-water) and a solution of 3.31
parts of 3-hydroxypropionitrile and 3.7 parts of anhydrous
pyridine 1n 30 mL dichloromethane was added drop wise to
the reaction mixture over 35 mins. The reaction mixture was
stirred for 26 hrs at room temperature and was cooled to 5°
C. for 45 mins and the solid was filtered and washed with
cold 15 mL dichloromethane. The filtrate was evaporated
under reduced pressure and mixture was purified by chro-
matography on silica gel with 75% ethyl acetate-hexane
containing 0.25% Et,N. The product fractions (TLC) were
combined and the solvent was evaporated under reduced
pressure give phosphate ester as an o1l, yield 1.54 parts. The
phosphate ester was dissolved in 40 ml of acetone and 3 mL
of 10% aqueous NaOH solution was added at once. Stirring
was continued for 2 hr and the mixture was diluted with 15
ml of acetomitrile. The solid was filtered and washed with
2 mL of acetone. The solid material was crystallized from a
methanol and acetone mixture. The solid was filtered,
washed with 2 mL of acetone and dried to yield 1.28 parts
of the following compound confirmed by NMR.
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(134)

CD;0 OCD5
Cl Cl
Na™O O—CH,—0 ONa"
_0=P—0 O—P&
Nﬂ 'O O-Nﬂ+

Photooxidation of bis[(3-phosphoryloxy-4-chloro-
phenyl)methoxy (D3 )methyleneS-oxy-adamantane,
disodium salt] methane

The disodium phosphate salt of bis-[(3-phosphoryloxy-4-
chlorophenyl)methoxy(D3 )methylene-5-oxy-adamantane]
methane was photooxidized as described above to
give  bis[{(4-methoxy(DD3)-4-(3-phosphoryloxy-4-chloro-
phenyl)}spiro{1,2-dioxetane-3,2'-(5-oxy-adamantane) },
disodium salt] methane of the following structure confirmed
by NMR.

135
CH40 OCH;

C] Cl
Na*-O O—CH,—O O™ Na*
. +%§*P—o O—PEO

a ONa*

Example XXV

Synthesis of bis[{(4-methoxy(D3)-4-(3-phosphory-
loxy-4-cyanophenyl) }spiro {1,2-dioxetane-3,2'-(5-
oxy-adamantane)}, disodium salt] methane

This compound was synthesized using the following proce-
dure of steps (a) to (d) of example XXIV but in step (b)
methyl3-hydroxy-4cyanobenzoate was used in place of
methyl(D3),-hydroxy-4-chloroobenzoate. The {following
structure for the product was assigned by NMR.

(136)
0—0

CH;O OCH,
CN CN
Na* O O Nat
O=P—0 O—PZ0
/ N
O O™Na

Example XXV]I

Synthesis of bis[{(4-methoxy-4-(3-phosphoryloxy-
phenyl) }spiroq 1,2-dioxetane-3,2'-(5-oxy-adaman-
tane) }, disodium salt] methane

This compound was synthesized following the procedure of
steps (a) to (d) as described 1n Example XXIV but 1n step (b)
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methyl3-hydroxybenzoate was used 1n place of methyl(D3)
3-hydroxy-4-chloroobenzoate. The following structure of
the product was assigned by NMR.

(137)

O—0

CI;0 OCH;
Na™ 'O\ O Nt
0=P—0 O—CH,—0 O—P=0 "
/ N
o O'Na

Example XXVII

Synthesis of [4-methoxy(D;,)-4-(3-3-D-galactose-4-
chlorophenyl)|spiro[1,2-dioxetane-3,2'-adamantane

This compound was synthesized by the following procedure:

Synthesis of [(3--D-galactose-4-chlorophenyl)-(2-
methoxy (D) methylene]adamantane

Into a 250 mL round bottom flask 15 mL aqueous sodium
hydroxide solution (15 parts of sodium hydroxide 1n 15 mL
of deionized water) was added to a solution of 10.1 parts of
| (3-Hydroxy-4-chlorophenyl)-2-methoxy (D,) methylene]
adamantane 1n 75 mL of acetone at room temperature with
vigorous stirring and stirred for 10 min. Then 17 parts of
acetobromo-a-D-galactose was added portion wise over 20
mins to mixture and stirred vigorously for 23 hrs. The
reaction mixture was concentrated under reduced pressure
and the reaction mixture was extracted with 300 mL of
dichloromethane. The organic layer was dried over anhy-
drous Na,SO, and filtered. The solution was concentrated
under reduced pressure and crude mixture was purified by
column chromatography over silica gel with 10% methanol-

cthyl to yield 7.09 parts of the following compound con-
firmed by NMR.

(138)

Synthesis of [4-methoxy(D;,)-4-(3-3-D-galactose-4-
chlorophenyl)]spiro[1,2-dioxetane-3,2'-adamantane

A solution of [(3-p-D-galactose-4-chlorophenyl)-(2-
methoxy (D) methylene|adamantine, 7.09 parts, in 270 mL
of 1:1 mixture of dichloromethane-acetone was photooxi-
dized as described above to give [4-methoxy(D,)-4-(3-3-D-
galactose-4-chlorophenyl)]spiro[1,2-dioxetane-3,2'-ada-
mantane.

10

15

20

25

30

35

40

45

50

55

60

65

70

(139)

O—O0 oCD;,

Cl

Example XXVIII

Synthesis of [(4-methoxy-4(3-3-D-galactose-4-cya-
nophenyl)]spiro[1,2-dioxetane-3-1,3-tricyclo
[7.3.1.0% tridec-2,7-ene

This compound was synthesized by the following procedure:

Synthesis of
(3-3-D-galactose-4-cyanophenyl)methoxy
methylene tricyclo[7.3.1.0%"]tridec-2,7-ene

Into a 250 mL round bottom tlask 16 mL aqueous sodium
hydroxide solution (16 parts of sodium hydroxide 1n 16 mL
of deionized water) was added to a solution of 11.35 parts of
(3-hydroxy-4-cyanophenyl)methoxymethylene tricyclo
[7.3.1.0%"tridec-2,7-ene in 125 ml., of acetone at room
temperature with vigorous stirring and stirred for 15 min.
Then 15.35 parts of acetobromo-c.-D-galactose was added
portion wise over 10 min to mixture and stirred vigorously
for 20 hrs. The reaction mixture was concentrated under
reduced pressure and residue was extracted with 300 mL of
dichloromethane. The organic layer was dried over anhy-
drous Na,SO, and filtered. The solution was concentrated
under reduced pressure and mixture was puriiied by column
chromatography over silica gel with 3% methanol-ethyl
acetate gave to yield 10.8 parts of the following structure

confirmed by NMR.

(140)

N

‘ OCH;

~_

Synthesis of [(4-Methoxy-4(3-p-D-galactose-4-cya-
nophenyl)]spiro[1,2-dioxetane-3-1,3-tricyclo
[7.3.1.0%"]tridec-2,7-ene (55)

A solution of, 10.6 parts, [(3-3-D-galactose-4-chlorophe-
nyl)-(2-methoxy (D,) methylene]adamantinein 270 mL of
1:1 mixture of dichloromethane-acetone was photo-oxidized
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as described above to give [4-methoxy(D,)-4-(3-3-D-galac-
tose-4-chlorophenyl)|spiro[1,2-dioxetane-3,2'-adamantane.

(141)

Example XXIX

Synthesis of [(4-methoxy(D;)-4-(3--D-glucoside-
4-chlorophenyl)|spiro[ 1,2-dioxetane-3,2'-adaman-
tane]

This compound was synthesized by the following procedure:

Synthesis of [(3-f-D-glucoside-4-chlorophenyl)-(2-
methoxy (D;) methylene]adamantine

Into a 250 mL round bottom flask 10 mL of aqueous
sodium hydroxide solution (10.78 parts of sodium hydroxide
in 10 mL of detonized water) was added to a solution of 7.75
parts of [(3-Hydroxy-4-chlorophenyl)-(2-methoxy (D;)
methylene]adamantane 1n 50 mL of acetone at room tem-
perature with vigorous stirring and stirred for 10 min. Then
10 parts of 2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl bro-
mide added portion wise over 12 min and stirred vigorously
for 20 hr. The reaction mixture was concentrated under
reduced pressure and the reaction mixture was extracted
with 400 mL of dichloromethane. The organic layer was
dried over anhydrous Na,SO,, and filtered. The solution was
concentrated under reduced pressure and mixture was puri-
fied by column chromatography over silica gel with 10%
methanol-ethyl acetate to yield 4.95 parts of the following
compound confirmed by NMR.

(142)

Synthesis of [(4-Methoxy(D,)-4-(3-b-D-glucoside-
4-chlorophenyl)]spiro[ 1,2-dioxetane-3,2'-adaman-
tane]

A solution of, 4.95 parts, [(3-f-D-glucoside-4-chlorophe-
nyl)-(2-methoxy (D,) methylene]adamantinein 250 mL of
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1:1 mixture of dichloromethane-acetone was photo-oxidized
as described above to give [(4-Methoxy(D,)-4-(3-b-D-glu-
coside-4-chlorophenyl)]|spiro[ 1,2-d1oxetane-3,2'-adaman-
tane].

(143)

Example XXX

Synthesis of [(4-methoxy-4(3-[-D-glucoside-4-cya-
nophenyl)]|spiro[ 1,2-dioxetane-3-1,3-tricyclo
[7.3.1.0* |tridec-2,7-ene

This compound was synthesized by the following procedure.

Synthesis of [(3-p-D-glucoside-4-cyanophenyl)
methoxymethylene tricyclo[7.3.1.0%/|tridec-2,7-ene

Into a 250 mL round bottom flask 10 mL of aqueous
sodium hydroxide solution (10.3 parts of sodium hydroxide
in 10 mL of deionized water) was added to a solution of 7.3
parts of (3-hydroxy-4-cyanophenyl)methoxymethylene tri-
cyclo[7.3.1.0%"|tridec-2,7-ene (128) in 50 mL of acetone at
room temperature with vigorous stirring and stirred for 10
min. Then 10 parts of 2,3.4,6-Tetra-O-acetyl-a-D-glucopy-
ranosyl bromide added portion-wise over 8 min and stirred
vigorously for 20 hrs. The reaction mixture concentrated
under reduced pressure and extracted with 300 ml of
dichloromethane. The organic layer was dried over anhy-
drous Na,SO, and filtered. The solution was concentrated
under reduced pressure and mixture was puriiied by column
chromatography over silica gel with 5% methanol-ethyl

acetate to yield 4.9 parts of the following compound con-
firmed by NMR.

(144)

OCH;

(0

CN
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Synthesis of [(4-methoxy-4(3-3-D-glucoside-4-cya-
nophenyl)]spiro[1,2-dioxetane-3-1,3-tricyclo
[7.3.1.0%"|tridec-2,7-ene

A solution of, 4.9 parts, [(3-p-D-glucoside-4-cyanophe-
nyl)methoxymethylene tricyclo[7.3.1.0%"]tridec-2,7-enein
240 mL of 1:1 mixture of dichloromethane-acetone was
photo-oxidized as described above to give of [(4-methoxy-
4(3-f-D-glucoside-4-cyanophenyl)|spiro[1,2-dioxetane-3-
1,3-tricyclo[7.3.1.0% |tridec-2,7-ene.

(145)

Example XXXI

Synthesis of Sodium [(4-methoxy (D,)-4-(3--D-
glucoronic acid-4-chlorophenyl)]spiro[1,2-dioxet-
ane-3,2'-adamantane]

This compound was synthesized by the following procedure.

Synthesis of ethyl [(3-p-D-glucoronic acid-4-chlo-
rophenyl)-2-methoxy (D;) methylene]adamantine

Into a 250 mL round bottom flask an aqueous sodium
hydroxide solution (1.2 parts of sodium hydroxide in 1 mL
of deionized water) was added to a solution of 3.7 parts of
| (3-Hydroxy-4-chlorophenyl)-2-methoxy (D,) methylene]
adamantane i 100 mL of acetone maintained at room
temperature with vigorous stirring and stirred for 30 min.
The mixture was concentrated under reduced pressure and
the solid was dried under vacuum for 1 hr. The solid was
dissolved in 45 mL of anhydrous ethanol and 5 parts of
acetobromo-a.-D-glucoronic  acid methyl ester added
quickly to the solution. The dark brown solution was stirred
for 4 hr 30 min at room temperature. The reaction mixture
was concentrated under reduced pressure and extracted with
250 mL of dichloromethane. The organic layer was dried
over anhydrous Na,SO, and filtered. The solution was
concentrated under reduced pressure and mixture was puri-
fied by column chromatography over silica gel with 80%
cthyl acetate-hexanes to yield 1.55 parts of the following
compound confirmed by NMR.
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(146)

OCH;

-

Synthesis of Sodium [(4-methoxy(D;)-4-(3-[-D-
glucoronic acid-4-chlorophenyl)spiro[1,2-dioxetane-
3,2'-adamantane]

A solution of, 1.35 parts, ethyl [(3-3-D-glucoronic acid-
4-chlorophenyl)-2-methoxy (D,) methylene]adamantane 1n
50 mL of 1:1 maxture of dichloromethane-acetone was

photo-oxidized as described above to give Sodium [(4-
methoxy(D,)-4-(3-3-D-glucoronic  acid-4-chlorophenyl)]
spiro[ 1,2-d1oxetane-3,2'-adamantane].

(147)

Example XXXII

Synthesis of Sodium [(4-methoxy-4(3-3-D-glucor-
onic acid-4-cyanophenyl)|spiro[1,2-dioxetane-3-1,3-
tricyclo[7.3.1.0>"]tridec-2,7-ene

This compound was synthesized by the following procedure.

Synthesis of ethyl[(3-[-D-glucoronic
acid)-4-cyanophenyl|methoxymethylene
tricyclo[7.3.1.0%"]tridec-2,7-ene

Into a 250 mL round bottom flask an aqueous sodium
hydroxide solution (1.03 parts of sodium hydroxide in 1 mL
of deionized water) was added to a solution of 4.2 parts of
3-hydroxy-4-cyanophenyl ) methoxymethylene tricyclo
[7.3.1.0>"tridec-2,7-ene (128) in 100 mL of acetone at
room temperature with vigorous stirring and stirred for 30
min. The mixture was concentrated under reduced pressure
and the solid was dried under vacuum for 35 min. The solid
was dissolved 1n 60 mL of anhydrous ethanol and 5 parts of
acetobromo-a.-D-glucoronic acid, methyl ester added
quickly to the solution. The dark brown solution was stirred
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for 6 hrs at room temperature, concentrated under reduce
pressure and extracted 200 mL of dichloromethane. The
organic layer was dried over anhydrous Na,SO, and filtered.
The solution was concentrated under reduced pressure and
mixture was purified by column chromatography over silica
gel with 80% ethyl acetate-hexanes to yield 1.3 parts of the
following structure confirmed by NMR.

(148)

OCHj;

-

CN

Synthesis of sodium [(4-methoxy-4(3-3-D-glucor-
onic acid-4-cyanophenyl)|spiro[1,2-dioxetane-3-1,3-
tricyclo[7.3.1.0> tridec-2,7-ene

A solution of, 1.3 parts, ethyl[(3-p-D-glucoronic acid)-4-
cyanophenyl]methoxymethylene tricyclo[7.3.1.0% ]tridec-
2, 7-enein 75 mL of 1:1 mixture of dichloromethane-acetone
was photo-oxidized as described above to give sodium
| (4-methoxy-4(3-3-D-glucoronic acid-4-cyanophenyl)]
spiro[1,2-dioxetane-3-1,3-tricyclo[7.3.1.0*"|tridec-2,7-ene.

(149)

Example XXXIII

Synthesis of [(4-methoxy(D;)-4-(3-acetoxy-4-chlo-
rophenyl)]spiro[1,2-dioxetane-3,2'-adamantane]

This compound was synthesized by the following procedure.

Synthesis of
[ (3-acetoxy-4-chlorophenyl)-2-methoxy (D)
methylene Jadamantine

Into a 250 mL three neck flask equipped with magnetic
stirrer and pressure-equalizing addition funnel under a argon
atmosphere charged solution of 2.34 parts of [(3-Hydroxy-
4-chlorophenyl)-2-methoxy (D;) methylene]adamantine
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and 1.7 parts of dusopropylethylamine 1n 50 mL of dichlo-
romethane and cooled to 3° C. A solution of 0.65 parts of
acetyl chloride 1n 10 mL of dichloromethane was added drop
wise over 10 min to a cold solution and stirred for 25 mins.
The mixture was stirred at room temperature for 26 hrs,
diluted with 50 mL of dichloromethane and added deionized
water 35 mL. The organic layer was separated, dried over
anhydrous Na,SO, and filtered. The solution was concen-
trated under reduced pressure and mixture was purified by
column chromatography over silica gel with 10% ethyl
acetate-hexanes to give 1.98 parts of the following com-

pound confirmed by NMR.

(150)

OCD;3
4‘ “
/ Cl
OAc

Synthesis of [(4-Methoxy(D,)-4-(3-acetoxy-4-chlo-
rophenyl)]spiro[1,2-dioxetane-3,2'-adamantane]

A solution of, 1.98 parts, [(3-acetoxy-4-chlorophenyl)-2-
methoxy (D;) methylene]adamantane 1 75 mL of 1:1 mix-
ture ol dichloromethane-acetone was photo-oxidized as
described above to give [(4-Methoxy(D,)-4-(3-acetoxy-4-
chlorophenyl)]spiro[1,2-dioxetane-3,2'-adamantane].

(151)
0—O
OCD;

R

SN

OAc

Example XXXIV

Synthesis of [(4-methoxy-4(3-acetoxy-4-cyanophe-
nyl)]spiro[1,2-dioxetane-3-1,3-tricyclo[7.3.1.0>"]
tridec-2,7-ene

This compound was synthesized by the following procedure.

Synthesis of
(3-Acetoxy-4-cyanophenyl)methoxymethylene
tricyclo[7.3.1.0%"]tridec-2,7-ene

Into a 250 mL three neck flask equipped with magnetic
stirrer and pressure-equalizing addition funnel under argon
atmosphere charged solution of 1.64 parts of 3-hydroxy-4-
cyanophenyl)methoxymethylene tricyclo[7.3.1.0%"]tridec-
2. 7-ene and 1.03 parts of dusopropylethylamine 1n 40 mL of
dichloromethane and cooled to 5° C. A solution of 0.45 parts
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of acetyl chloride 1n 5 mL of dichloromethane was added
drop wise over 10 min and stirred for 30 mins. The mixture
stirred at room temperature for 18 hr, diluted with 50 mL of
dichloromethane and added 35 mL of deiomized water. The
organic layer was dried over anhydrous Na,SO, and filtered.
The solution was concentrated under reduced pressure and
mixture was purified by column chromatography over silica
gel with 10% ethyl acetate-hexanes to yield 1.39 parts of the
tollowing compound confirmed by NMR.

(152)

OAc

Synthesis of [(4-methoxy-4(3-acetoxy-4-cyanophe-
nyl)]spiro[1,2-dioxetane-3-1,3-tricyclo[7.3.1.0>"]
tridec-2,7-ene

A solution of, 1.39 parts, (3-Acetoxy-4-cyanophenyl)
methoxymethylene tricyclo[7.3.1.0°"]tridec-2,7-enein 50
ml. of dichloromethane was photo-oxidized as described
above to give of [(4-methoxy-4(3-acetoxy-4-cyanophenyl)]
spiro[1,2-dioxetane-3-1,3-tricyclo[7.3.1.0> ]tridec-2,7-ene.

(153)

OCH;

/\‘
N

CN

OAc

Example XXXV

Synthesis of [(4-methoxy(D;)-4-(3-sulfate-4-chloro-
phenyl)]spiro[1,2-dioxetane-3,2'-adamantane]

This compound was synthesized by the following procedure.

Synthesis of [(3-sulfate-4-chlorophenyl)-2-methoxy
(D;)methyleneadamantane

Into a 250 mL three neck flask equipped with magnetic
stirrer and pressure equalizing addition funnel under argon
atmosphere charged solution of 3.7 parts of 3-hydroxy-4-
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cyanophenyl)methoxy(D,)methylene tricyclo[7.3.1.0>]tri-
dec-2,7-ene and 2.96 parts of diisopropylethylamine n 40
mL of dichloromethane and cooled to 5° C. A solution of
1.52 parts of chlorosulfonic acid in 10 mL of dichlorometh-
ane was added drop wise over 10 min to a cold solution and
was stirred for 30 min. The mixture was stirred at room
temperature for 18 hrs, diluted with 50 mL of dichlorometh-
ane and added 25 mL of deionized water. The organic layer
was separated, dried over anhydrous Na,SO, and filtered.
The solution was concentrated under reduced pressure and
mixture was puriiied by column chromatography over silica
gel eluting with 20% ethyl acetate-hexanes to yield 1.6 parts
of the following compound confirmed by NMR.

(154)
OCD;

=</\
|
e

OSO;H

Synthesis of [(4-methoxy(D;)-4-(3-sulfate-4-chloro-
phenyl)]spiro| 1,2-dioxetane-3,2'-adamantane]

A solution of, 1.6 parts, [(3-sulfate-4-chlorophenyl)-2-
methoxy(D, )methylene]adamantanein 60 ml of dichlo-
romethane was photo-oxidized as described above to give
[(4-methoxy(D,)-4-(3-sulfate-4-chlorophenyl)]spiro[ 1,2-d1-
oxetane-3,2'-adamantane].

(155)

OCD;

Cl

0SO;H

Example XXXV

Synthesis of [(4-methoxy-4(3-sulfate-4-cyanophe-
nyl)]spiro[1,2-dioxetane-3-1,3-tricyclo[7.3.1.0>7]
tridec-2,7-ene

This compound was synthesized by the following procedure.

Synthesis of
(3-Sulfate-4-cyanophenyl ) methoxymethylene
tricyclo[7.3.1.0%"]tridec-2,7-ene

Into a 250 mL three neck flask equipped with magnetic
stirrer and pressure equalizing addition funnel under argon
atmosphere charged solution of 1.64 parts of 3hydroxy-4-
cyanophenyl)methoxymethylene tricyclo[7.3.1.0% ]tridec-
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2, 7-ene and 1.26 parts of diisopropylethylamine in 40 mL of
dichloromethane and cooled to 5° C. A solution o1 0.65 parts
of chlorosulfonic acid m 5 mL of dichloromethane was
added drop wise over 10 min to a cold solution and stirred
for 30 mins. The mixture was stirred at room temperature for
18 hrs, diluted with 50 mL of dichloromethane and added 25
ml. of deionized water. The organic layer was separated,
dried over anhydrous Na,SO, and filtered. The solution was
concentrated under reduced pressure and crude mixture was
purified by column chromatography over silica gel with 20%
cthyl acetate-hexanes to yield 0.95 parts of the following
compound confirmed by NMR.

(156)

OCH;

CN

OSO;H

Synthesis of [(4-methoxy-4(3-sulfate-4-cyanophe-
nyl)]spiro[1,2-dioxetane-3-1,3-tricyclo[7.3.1.0>"]
tridec-2,7-ene

A solution of, 0.95 parts, [(3-Sulfate-4-cyanophenyl)
methoxymethylene tricyclo[7.3.1.0°"Jtridec-2,7-enein 35
ml. of dichloromethane was photo-oxidized as described
above to give [(4-methoxy-4(3-sulfate-4-cyanophenyl)]
spiro[1,2-dioxetane-3-1,3-tricyclo[7.3.1.0>]tridec-2,7-ene
of the following structure confirmed by NMR.
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The invention claimed 1s:

(157)

1. A chemiluminescent assay formulation comprising:
at least one enzyme cleavable chemiluminescent com-
pound which 1s a 1,2-dioxetane coupled acridane cor-

responding to the formula:

O—CD;
N ‘/\
\K\
O
|
C=0
T T
/ N
L

Cl
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